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A D V E R T I S E M E N T. 



TH E Committee appointed by the Royal Society to direft the pub- 
lication of the Fhilofophical TranfadionSy take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-book^ 
and journals of the Society, as from repeated declarations which have 
been made in fevcral former Tranfadionsy that the printing of them was 
always, from time to time, the (ingle a£l of the refpedive Secretaries, till 
the Forty-fcventh Volume : the Society, as aBody, never interefting thcm- 
felves any further in their publication, than by occaiionally recommending 
the revival of them to fome of their Secretaries, when, from the particular 
circuraftances of their aflfairs, the Tranfadions had happened for any 
length of rime to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufual meetings 
were then continued,. for the improvement of knowledge, and benefit of 
mankind, the great ends of their firft inftitution by the Royal Charters, 
and which they have ever fince fteadily purfued. 

But the Society being of late years greatly inlarged, and their com- 
munications more numerous, it was thought advifable, that a Committee 
of their members ihould be appointed to reconfider the papers read be- 
fore them, and feleft out of them fuch as they Ihould judge mod pro- 
per for publication in the future Tran/adions ; which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and fingularlty of the fub- 
jefts, or the advantageous manner of treating them ; without pretending 
to anfwer for the certainty of the fafts, or propriety of the reafonings, 
contained in the feveral papers fo publiftied, which muft ftill reft on the 
credit or judgment of their refpeftive authors. 
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1( is likewife neccflary on this occafion to remark, that it is an efta^ 
bliflied rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any fubjeft, either of Nature or Art, 
that comes ^efoie them. And therefore the thanks, which are fre- 
quently propofed from the Chair, to be given to the authors of fuch pa- 
pers as arc read at their accuftomed meetings, or to the perfons through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpcft fhewn to the Society 
by tlidfe commumcations. The like alfo is to be faid with regard to 
*thc feveral projcfts, inventions, and curiofiries of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently talce the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft aipplaufe 
and approbation. And therefore it is hoped, that no regard will here-^ 
after be paid to fuch reports, and public notices ; which in fome inftances 
have been too lighdy credited, to the di(honour of the Society. 
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I. Defcription of an Improvement in the Application of the Qua- 
drant of Altitude to a celeftial Globe^ for the Refolution of 
Problems dependant on Azimuth and Altitude. By Mr. John 
Smeaton, F.R. S.i <:ommunicatid by Mr. William WaleSf 
F.R.S. 



Read November 20, 178 8* 

PERHAPS there are few inftruments that better fulfil 
their defign in general, or more naturally reprefent the 
movements they are intended to explain and illuftrate, than 
the terreftrial and celeftial globe, which are alfo applied to 
refolve fomq of the problems of the fphere, which they, moft 
readily do. I believe, however, that whoever applies to 
Vol. LXXIX. B them 
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them for the laft mentioned purpofe, will find them tno» 
defeftive in fome refpeds than they are in others. 

The difficulty that has occurred in fixing a femicircle, fb 
as to have a center in the %enitb and nadir points of the globe^ 
fit the fame time that the meridian is left at liberty to raife the 
pole to its defired elevation, I fuppofe, has induced the globe- 
makers to' be contented with thtjirip of thin flexible brafs, 
called the quadrant of altitude \ and it is well known how 
imperfcdly it performs its office. 

The improvement I have attempted, is in the application of 
a quadrant of altitude^ of a more folid conftrud):ion ; which 
being affixed to a brafs focket of fohie length, and this ground, 
and made to turn upon an upright fteel fpindle, fixed in the 
zenith, fteadily directs the quadrant^ or rather arc^ of altitude 
to its true azimuth^ without being at liberty to deviate from a 
vertical circle to the right hand or left : by which means the 
azimuth and altitude are giv^n with the fame ei^adnefs as the 
meafure of any other of the great circles. 

With refpedt to the horary circle, as the common application 
feems very convenient on account of the ready adjuftment of 
its index to anfwer the culmination of any of the heavenly 
bodies ; and as I find that a circle of four inches diameter is 
capable of an adual and very diflinguifhable divifion into 720 
parts, anfwerable to two minutes of time each, which may fervc 
a globe of the largeft fize ; it feems that it ihould rather be ;>»- 
proved th^n omitted; and, if inftead of z pointer^ zti index Jirokg 
is ufed in the fame plane with that of the divifions, the fingle 
minutes, and even half minutes, may be readily diflinguifiied. 

This globe, though mounted merely as a model for experi- 
ment, and only nine inches in diameter, appears capable of 
bringing out the folution to a i^uarter of a degree ; which, I 

appre- 
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fipprieheud, may be efteemed fufficient not only as a check 
upon numerical computation, but to come near enough to find 
ftars in the day-time in the field of telefcopes, which, having 
no equatorial motion, are only capable of direction in altitude 
and azimuth ; but from globes of a larger (ize, we may expef): 
to come proportionably nearer. 

Explanation of the figures^ Plate !• 

The figures 1. and 2. being different views of thp fame 
things, AB reprefents a line, in common to both, in the fur- 
face of the horizon, which here is of brafs. 

CD, CD, are vertical lines, fuppofed to pafs through the 
center of the globe in each figure ; and 

EFG, EFG, are portions of great circles of the globe. 

Fig. I . fuppofes the fpedlator looking at the apparatus of 
the globe from the fouth point of the horizon ; therefore the 
circular arch EFG, in this poiition, will be a part of the 
prime vertical^ and the fmall paralellogram HI is fuppofed to be 
zfedlion of the brafs meridian, according to that vertical plane. 

Fig, 2. is a view of the fame parts, the fpeftator being 
fuppofed to look at them from the wefl point of the horizon \ 
and in this pofition HI is fuppofed to be a portion of the brafs 
meridian. This being fixed in mind, in what follows the fame 
letters denote the fame parts in both figures. — KLM denotes 
a piece of brafs, or brafs carriage, made to fit upon the ver- 
tical part of the meridian, and capable of Aiding 5"" on each 
fide of that point, fo as to adjuft to it, and to fix fafl there, by 
means of the finger fcrew N ♦. This piece of brafs carries 

* The holes reprcfented in the portion of the brafs meridian (HI, fig. 2.) are 
fcrew holes at five degrees diftance, in this quarter of the circle, into any of 
which the finger fcrew N is to be put as occafion may require 5 the^;/ allowing; 
fufficitotly for adjuflment. 
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the Jleel fpindle PQ, which is firmly focketed iiito= it ^t Ky 
according to the dotted lines ^ r, o r. The axi« of this fpindle is. 
therefore capable of being fet upright upon the %enub pointy 
and to naaintain that pofition with a fufficient degree of firm* 
nefs. — Ry, Rj^, reprefents the fedlion of a brafs focket made ta 
fit the fpindle, and turn round freely upon it ; and when hooie* 
to the (houlder at o <?, to turn without (hake ; the focket and 
fpindle being a fmall matter taper, and ground together. On 
one fide of the focket is firmly fixed the arm ST, by fcrews or 
folder.— UW is an arch of 80 degrees, ferving inftead of the 
quadrant of altitude^ and of the {zmG fubjiance as the meri- 
dian. This is firmly fcrewed to the arm, and adjufted by 
Gonftrudion; fo that when the fpindle is vertical, the face of 
this arch fhall make part of a vertical circle. — ^This arch beings 
a portion of a circle, of the fame diameter as the brafs meri* 
dian, when its point zero at W refts upon the brafs horizon» 
Its infide furface is made to agree with that of the horizon 
by means of a fmall thin nib of brafs ; that being attached to 
the infide of the bottom of the quadrant of altitude at W, and 
projeding a little below it, gently bears againft the infide 
of the horizon, in fubftance occupying about half the clearance 
between the body of the globe and its furrounding horizon t 
this nib^ feen edgeways, is fliewn at the letter X# By this 
means the altitude of the objeft is (hewn upon the working face 
of the quadrant^ and the quadrant's bottom fliews the azi- 
muth upon the horizon ; at the fame time the globe is free to^ 
revolve upon its axis, clear of all the circles* 

The quadrant might be made complete to 90° ; but as itt 
thefe middle latitudes there is very little bufinefs for azimuths 
when the altitudes are above 80% and as I judged it eligible^ 
that the quadrant fliould be made capable of working on botb 
fides the meridian i that would be prevented by the neceffary 
2, thicknefc 
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thickncfs that the circles require to give them folidity, in con- 
tradiftindlion to mathematical planes ; unlefs a part of a qua- 
drant was cut out next the vertex to give them clearance : by 
this means the arch being lifted up from the fpindle, and put 
on the other fide of the brafs meridian for the afternoon, it 
will then come within 10° or 15^ of the meridian ;' and if the 
ufe of this fpace (hould be wanted, it ,can be fqpplied by 
reverfing the fimilar operation for the morning ; and the back 
fide of the upper end of the quadrant at U being champered, 
or beviiled off, this will admit it to come as near to the meri- 
dian as I have mentioned. 

The fteel fpindle is eafily adjufted to the zenith ; for the 
globe being rectified to its ^ latitude^ fet the brafs carriage at 
liberty, bring the quadrant and meridian together, face ta 
face, and Aide the carriage, till the lower extremity of the 
quadrant huts upon the horizon^ and there fcrew it faft. 

It is, however, to be noted,, that I have found fomething 
neceffary by way of holdfajl^ to prevent the brafs meridian from 
ihifting its latitude^ and that without confining it in any other 
relpeft. — What I have found to anfwer thiS' purpofe is repre- 
fented, fig. 3. The crutch-like piece of wood ABC is (hewa 
as feen looking right down upon it. The circle DE is the hori- 
zontal feftion of the fouth pillar of the globe. The ftrong wire 
pin FG, that goes through the two arms of thecrutch and pillar, 
ferves as an axis upon which its other extremity at B is at free 
liberty to lift up and down, but without (hake upon the pin ; 
and the whole being fplit with a fine faw, from B to H, the notch. 
BK lays hold of the under fide, of the brafs meridian, and by 
tightening the finger fcrew LM, it firmly clips it, and retains 
it in any given pofition^ And that it may be under no confine- 
ment crojs^waysj, the hole ia the pillar is opened on both fides, 

as 
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as (hewn In the fedtion, to give it liberty of accommodation ; 
the pin being faft. in the two ends of the crutch, and turning 
gently in the pillar; the whole being flender and compliant, 
except in point of length. 

N. B. Thofe that would ufe the globe to the beft advantage 

to folve problems, (hould be careful to get a juft declination, 

as alfo a djftin£l point to mark it ; and as the circles and divifions 

upon the furface of the globe itfelf, are not always fufficiently 

to be depended on for this purpofe, I have found the following 

expedient fully to anfwer. Chufe any plain white part of the 

globe's furface, anfwerable to the declination given, and with 

the point of a needle or protradling pin, by the help of the 

divifions of the brafs meridian, mark a fine point upon the 

blank furface of the globe, and upon this point make a dot 

with ink, with the fmall point of a pen, which rub off with 

the finger, and it will leave a fine black fpeck behind. This 

dot being brought to the meridian, reftify the horary index 

to it, and it will accurately reprefent the center of the celeftial 

body whofe inveftigation is wanted. 
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!!• Obje£ltons to the Experiments and Obfervatlons relating to tbt 
Principle of Acidity^ the Compojition of Water^ and PAlo* 
gijionj conjideredi with farther Experiments and Obfervations 
on the fame SubjeSf. By the Rev. Jofeph Prieftley, LL.D.. 
F.R.S. 



Read November 27, I788# 

HAVING never faikd, when the experiments were con- 
du£bed with due attention, to procure fome acid when- 
ever I decompofed dephlogifticated and inflammable air in 
clofe veflelSy I concluded that an acid was the neceffary refult 
of the union of thofe two kinds of air, and not water only ; 
which is an hypothefis that has been maintained by Mr. La- 
voisier and others, and which has been made the bafisof 
an intirely new fyftem of chemiftry, to which a new fyftem of 
terms and charafters has been adapted. The faffs that I 
alleged were not difputed; but to my conclufion it was ob* 
jefted, that the acid I procured might come from the phlo- 
gifticated air, which in one of my procefles could not be 
excluded; and that it was reafonable to conclude that this 
was the cafe, becaufc Mr. Cavendish had procured the fame 
acid, viz. the nitrous, by decompofing dephloglftlcated and 
phlogifticated air with the eledric fparfc. In other cafes it has 
been faid, that the Jixed air I procured came from the plumbago 
in the iron from which my inflammable air had been extracted. 
With refpedl to the former of thefe objeftions I would ob- 
ferve, that my procefs h. very different from that of Mr» 

Cavendish; 
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Cavendish ; his decompofition being a very flow one by elec- 
tricity, and mine a very rapid one hyjtmple ignition^ a procefs 
by which phlogifticated air, as J found by aftual trial, was not 
at all afFedled ; the dephlogifticated and inflammable airs unit-^ 
ing, and leaving the phlogifticated air (as they probably would 
any other kind of air with which they might have been 
mixed) juft as it was. 

I would alfo obferve, that there is no contradiction whatever 
between Mr. Cavendish's experiment and mine, (ince phlo- 
gifticated air may contain phlogifton, and by means of eledri- 
city this principle may be evolved, and unite with the dephlo- 
gifticated air (or with the acid principle contained in it) as in 
the procefs of fimple ignition the fame principle is evolved from 
inflammable air, in cKtder to form the fame union; in confe- 
quence of which, the water, which was a neceflary ingredient 
in the compofition of both the kinds of air, is precipitated. 
TI)at in other circumftances than thofe in which I made the 
experiments, the acid wholly efcaped, and nothing but wate;: 
was found, may be eaftly accounted for, from the fmall quan- 
tity of the acid principle in proportion to the water, and the 
extreme volatility of it, owing, I prefume, to its high phlo« 
giftication when formed in this manner. 

In order to afcertain the efleft of the prefence of phlogifti^ 
cated air in this procefs, I now not only repeated the eitperi- 
ment of mixing a given quantity of phlogifticated air with the 
two other kinds of air, and found, as before, that it was not 
afFeAed by the operation ; but I made the experiment with 
atmofpheric air, inftead of dephlogifticated. Since the air of 
the atmofphere contains a greater proportion* of .phlogifticated 
air, it might be expe<^ed that, if the acid I got before came 
from the fmall quantity of phlogifticated air which I could 

not 
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TX>t poffibly exclude, I fliould certainly get more acid, when, 
inftead of endeavouring to exclude it, I purpofely introduced a 
greater quantity. But the confequence was the produftion of 
much lefs acid than before, the liquor I procured being fonjc- 
timcs not to be diftinguilhcd from pure water, except by the 
greateft attention poffible : for though the decompoiition was 
made in the fame copper veffel which I ufed in the former 
experiments! there was now no fenfible tinge of green colour 
in it. 

When I repeated this experiment in a glafs veffel, I per- 
ceived, as I imagined, the reafon of the fmall produce of acid 
in thcfe new circumftances : for the veflel was filled with a 
vapour which was not foon condenfed, and being diffufed 
through the phlogifticated air (which is not afFcded by the 
procefs) is drawn away along with it, when the exhaufting of 
the tube is repeated ; whereas, when there is little or no air in 
tlie veffel befides the two kinds which unite with each other, 
and are decompofed, the acid vapour, having nothing to attach 
itfelf to and fupport it (by being entangled with it) much 
fooner attacks the copper, making the deep green liquor which 
I have defcribed. Sometimes, however, I have procured a 
liquor which was fenfibly green by the decompoiition of atmb- 
fpheric and inflammable air, but by no means of fo deep a 
colour, or fo fenfibly acid, as when the dephlogifticated air is 
ufed. 

The extreme volatility of the acid thus formed (and which 
accounts for the cfcape of fome part of it in all thefe pro- 
ceffes) is apparent from this circumftance, that if the explo- 
iions be made in quick fucceffiou (the tube being exhaufted 
immediately after each of them, and filled again as foon as 
poffible) no liquor at all will be coUedled, the whole of the 
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acid vapolir, together with the water wit;h which it was com** 
billed, being dr&wn off uncondcnfed in every procefs. I once 
made twenty fucceillve expiofions of this kind, in a copper 
tube, out of which I found that I drew 37 ounce meafuresof 
air by the a£lion of the pump,, and found not a (ingle drop of 
liquid, though near an hour was employed in the whole pro^ 
cefs, and the velTel was never made more than a little warmer 
than my hand. This was a degree of heat by no means fu^ 
ficient to keep the whole of any quantity of water in a ftatc: 
of vapour ; and is a circumftance that of itfelf fufficiently* 
proves; that the vapour did not confift of water only.. 

Indeed, I think it impoflible for any one to fie this vapour 
in a tall glafs veffcl, and efpccially to obferve how it falls from 
one end of it to the other, and the time that is required to its 
wholly di&ppearing, vi^ithout being fatisfied that it confifts of' 
Ibmething elfe than mere water, the vapour of which would be 
more equally difRifed. If the appearance to the eye (hould 
£ul to convince any perfbn of this, the feofe o{ finell would 
do It : for even in a glafs vefTel it' is very ofieiifive,^ though it 
might n(A be pronounced to be acid. 1 conjefhire, how* 
ever, that this, and every other fpecies oi fmell^ is produced by 
ibme modification of the acid or alkaline principle. Some may* 
be difpofed to afcribe this fmell to the iron from which the 
inflammable air was produced ; but the fmeir is the fame, or 
nearly fo, when the air is from tin, and would probably be the 
fame if it were from any other fubftancc. 

fiefides tifing atmofpheric air, which contains a greater pro- 
portion of phlogifticated air, I have fometimes ufed dephlogifti- 
cated air which was not very pure ; and in this cafe I have 
always obferved, that the liquor I procured had lefs colour^ 
and was lefs feniibly acid. 

3 Thefo 
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Thefe obfenrations might, I ihould think, fatisfy any rea- 
fonable peribn, that the acid liquor which I procured by the 
explofion of dephlogifticated and inflammable air in clofe veflels 
did not come from the phlogifticated air which could not be 
excluded, whether it was that which remained in the veflel 
after exfaaufting it by the air pump, or that w'ith which the 
dephlogifticated air was more or lefs contaminated 

But befides thefe experiments, in which I procured the 
green acid liquor by the explofion of dephlbgifticated and in- 
flammable air in clofe veflels, I made another, to whicli I 
thought the fame obje^ion could not have been made, becaufe 
no air putnp was ufed in it, and nothing but the pureft dephlo^ 
gifticated air was employed, being feparated in the procefs from 
frecipitate per fein contact with the pureft inflammable air in a 
glafs veflel which had been previoufly filled with mercury. 
Accordingly, the only objection made to this experiment was/ 
that the preparation I made ufe of might be impure, contaih^* 
ing fomething which might yield phlogifticated air. Thi& 
appeared to me highly improbable, as the precipitate had been 
made by M. Cadbt, and for the purpofe of philofophical 
experiments. Befldes, if the heat of av burning lens (hould 
diflodge phlogifticated air from drty unperceived impurity in 
this preparation, mere heat will not decompofe this air. Let 
any perfon try the efleft of a lens on fuch air, or any fub- 
ftance containing it, and produce an acid if he can. 

M. Berthollbt, howeVefj thinking that this might be 
the cafe, defired that I would fend him a fpecimen of my pre- 
cipitate per fe. Accordingly, I fent him all that remained of 
it; and, in return j he fent me a quantity on the goodnefs of 
which t might depend. Wilh this preparation I repeated tny 
former experiment; and, by giving more attention to the 
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procefs, found it to be far more decifivcly conclufiv^e in favour 
of my opinion than Ihad imagined. In the former experiment I 
had attended only to the drop of water which wasfounxiia the 
vcflei in which the procefs was made; and £nding that it 
turned the juice of turnfole red, I concluded, that it contained 
nitrous acid : but I now examined the air that remained in the 
veflel, and found that a confiderable proportion of it was fixed 
air ; fo that I am now fatisfied this was the acid with which it 
was impregnated, and not the nitrous. Still, however, fomc 
acid is the conftant refult of the union of the two kinds of 
air, and not water only. A quantity of the fame precipitate 
per fe yielded no fixed air by heat. 

Comparing this experiment with that in which iron is ignited 
in depblogiflicated air, this general conclufion may be drawn, 
vi%. that when either inflammable or dephlcgiflicated air is 
extraAed from any fubftance in contact with the other kind of 
air, fo that one of them is made to unite with the other ia 
what may be called its nafcentjiaie^ the refult will htfxed?^ix ; 
but that if both of them be completely formed before their 
union, the refult will be nitrous acid. 

It has been faid^ that the fixed air produced in both thefe 
experiments may come from the plumbago in the iron from 
which the inflammable air is obtained. But fince we afcertaia 
the quantity of plumbago contained in iron by what remains after 
its folution in acids, it is in the higheft degree improbable, that 
whatever plumbago there may be in iron, any part of it (hould 
enter into the inflamnoable air procured from it. Befides, ac- 
cording to the axHiphlogiftic hypothecs, all inflaaunable aic 
comes from water only. 

As it cannot be faid, that any real fixed air is found in in- 
flammable air from iron (iincc k is not difcoverable hy lime- 
> water) 
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water) it muft be fuppofed, that the elements, or compo- 
nent parts of fixed air are in it ; but one of thefe elements is 
pure air, and the mixture of nitrous air (hews, that it contains 
no fuch thing, though, according to M. Lavoisier, fixed 
air contains 72 parts in 100 of pure air. 

However, being apprized of this objedlion to inflammable air 
from iron, I made ufe of inflammable air from //;>, and I had the 
fame refult as with that from iron. I alfo calculated the weight 
o£ the fixed air which ] got in the procefs, and comparing 
it with the plumbago which the iron neceflary to make the 
inflammable could have contained^ I found, that, in all the 
cafes, it far exceeded the weight of the plumbago ; fo that it 
was abfolutcly impoflible, that the fixed air which I found 
Ihould have had this origin. For the greater fatisfadion, I (hall 
recite the particulars of a few experiments of this kind. 

In ten ounce meafures of inflami!nable air from malleable 
iron I revived red precipitate till there remained only i . i oz. 
meafure of air, and of this 0.07 oz. m. was fixed air, being 
completely abforbed by water. The weight of this air would 
be 0.063 gr. ^^^' ^^^^^ 960. grains of iron will yield 1054 
oz. meafures of inflammable air, the iron employed in procuring 
all the inflammable air that w,as ufed in this experiment, vizm 
8.9 oz*' meafures (without allowing for any that went to the 
revivification of the mercury) would be 8.i grains; and fince 
M. Bergman fuppofes, that 100 grains of iron contains o.iz 
gr. of plumbago, the quantity of it in this iron would 
only be 0.01008 gr. which is not quite a fixth part of the 
weight of the fixed air. 

With the precipitate perfe^ fent me by M. Berthollst, 
I revived mercury till 8i oz. m. of inflammable air was reduced 
to 2| oz. ni., and of this 0.04 oKi m. at leaft was fixed air; 

This^ 
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This is not quite fo much in proportion as in the preCeiliiig 

experiment, but abundantly more than the weight of th« 

plumbago. 

In 8 oz. 111. of inflammable air I revived miiUum (which t 
found to have exaAly the fame effed in this procefs as red pre* 
cipitate, or precipitate per fe)^ till it was reduced to 1.2 oz. 
m. ; and of this 0.018 oz* m. was fixed ^r, which would ex- 
ceed the weight of the plumbago more thaii three times. In 
reviving lead from mafficot (which I prepared by expelling the 
pure air from minium) I had no fixed dr in the refiduum. 

In 70Z. m. of inflammable air from tin by fpirit of falt^ 
I revived red precipitate till it was reduced to i.i oz. m. ; and 
in this the fixed air was fomething more than in proportion to 
that in the IzSt experiment. 

In my laft volume of Experiments^ p. 30. 1 mentioned fbme 
inftances of the revival of red precipitate in inflammable air, 
without finding any Ifixed air, though in one I perceived a 
flight appearance of it. To this I can only fay^ that I now 
always find it^ and have, in the preceding cafes, meafured the 
quantity of it ; fo that, though I did not find dny before, I 
muft prefume that I did not ufe the fanie precautions that 1 
did at this time : and it is poffible, that I might not attend to 
the effed of admitting a large quantity of water to a fmaH 
quantity of fixed air, which would prefently abforb the 
greatefl part of it. I alfo think I recoiled, that I then con- 
tinued the procefs as far as I poffibly could, and confequcntly 
left very little air in the veflel ; whereas I now ptiirpofely lefb 
a good deal, that the admiflion of water might have lefs 
efFeft on the fixed air difFufed through it. 

This alfo may Be faid in favour of the greater accuracy of 
my prefent experimeuti) that they intirdy remove a very great 

. . difficulty. 
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Afiiculty, which I acknowledged, p. 128. in finding different 
refults from feemingly iimilar circumftances ; whereas I now 
find that both the circumftances and the refults are difierent« 
BefideSy the pofitive evidence of adually finding a fubftance is 
always more concluiive than the negative one, of not finding 
it. 

I do not know that any objedion can be made to the inflam- 
mable air from tin^ as this metal has not been proved to con- 
tbin plumbago. I wi(hedj however^ to repeat this experi^ 
nient with inflammable air from fulphur. But though, when 
fieam is* fen& over melted fulphur, a fmall quantity of inflam*- 
mable atr is procured, as I obferved.in my lafl volume of expe- 
riments; yet, as fulphur' cannot part with much phlogif^on^ 
except in proportion as it imbibes pure air, to form oil of vitrio),.. 
I could not in this maimer caiily procure enough for my 
purpofe. 

In order tofupply the fulphur with pure air, I mixed with.^ 
it a quantity of turbith mineral i but this made it yield vitriolic-^ 
acid air, though in great abundance, there not being, I ima- 
gine, water enough to form inflammable air : for when iron is 
diflblved in concentrated acid of vitriol, vitriblic acid air is pro«< 
duced; but in diluted vitriolic acid, the produce is inflanimable 
ain With a view to fupply thefe materials With water, I 
&nt fleam over them; but it did not combine with the air^. 
which was ftiU only vitriolic acid air. 

Since, however, vitriolic acid air unqueftionably contains 
the fame principle which forms the inflammability of inflam* 
mable air, this experiment proves, that fulphur is not that 
fimple fubflance which the antiphlogiftians fuppofe it to be;: 
but that it contains phlogifton. Had it been nothing more 
than a fubflaiice which hada Urong affinity to pure air, it would . 

have. 
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have united with the pure air from the turbith minerd, and 
have made vitriolic acidj but no vitriolic acid air would have 
been produced. 

That vitriolic acid air contains the fame inflammable prin- 
ciple with Inflammable air is evident from the quantity of 
vitriolic acid air which I produced by reviving copper from blue 
vitriol in inflanimable air. See my Experiments, vt)l. VI. p. 
^5. Mr. KiRWAN alfo produced this air from fulphvr and red 
precipitate. See his Treatife on PhlogiftoH, p. 29. 

When I ufed a fmall quantity of fulphur in proportion to 
the turbith mineral, the firft produce was vitriolic acid air, 
and afterwards dephlogifticated air, from the turbith mineral 
alone, the efFeft of the fulphur having been exhaufted. 

Accordhig to the antiphlogiftic theory, phofpboruSj as well as 
fulphur, is a (imple fubftance ; and when it is ignited imbibes 
pure air, and thereby becomes the phofphoric acid, without 
parting with any thing. But I find, that after the accenfion 
of it in dephlogiflicated air, there is a confiderable quantity of 
fixed air in the refiduum ; and this fixed air could only be 
formed by the union of the dephlogifticated air in the veflel 
with the phlogifton contained in the phofphorus. Mr. Kir- 
wan had a fimilar refult from phofphorus confined in atmo- 
ipheric air. As it is not pretended, that there is any plumbago in 
phofphorus, this experiment is not liable to the objet^ion that 
has been made to thofe in which inflammable air from iron 
was made ufe of. 

It will be expefted, that in this reply to the objeftions that 
have been made to my experiments eftablifhing the dodrine of 
phlogifton, I (hould confider what has been alledged by MeC 
Lavoisier, Berthollet, and de Fourcroy, in favour of 
their new fyftem, in their Report on the fubjcdi of the new 
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chemical charaders invented by MelT Hass£NFIiAt2 and 
Adbt, fubjoined to the new Nomenclature Ciymlquc. I ihall 
therefore notice what appears to me to be moft important in . 
th^t publication. 

" One of the articles of the modern doftrine'* (of which they 
fay, p. 3 1 1. " that it coft more than twenty years labour, which 
•* the force of reafoning has obliged many celebrated chemifts to 
** adopt, and in favour of which much greater numbers are ready 
•^ to decide ;'• and the evidence for which they fay, p. 301. 
** is the moft complete chemical proof), which feems the 
** moft folidly eftabliflied,'* p. 298, " is the formation, th? 
^^ decompo(ition, and recompofition of water; and how is 
** it poffible," they add, " to doubt of it, when we fee that, 
•• in burning together 15 grains of inflammable air and 85 of 
*' pure air, we get exaftly 1 00 grains of water ; and when we 
** can, by decompofition, find again thefe fame two principles^ 
•* in the fame proportions ?*' 

To this.lmuft fay, as I have done, Experiments, vol. VL p. 
139. (and when I wrote that, I was myfelf a believer in th^ 
decompofition of water), . that I have never been able to find 
the full weight of the air decompofed in the water produced 
by the 4ecompofitipn ; and that now I apprehend it will not 
be denied, that the produce o£ this decompofitiqu is not mere 
water, but always fome acid. 

As to the.fuppofed decompofition of Water, by nieans of 
iron, I have Ihewn that it is a fallacy; fihce the iron imbibes 
nothing but water when it parts with its phloglfton. . And I 
have obierved (Experiments, vol. VI. p. 83.), that* when this 
fiilery cinder is reconverted into iron by iaaararqable ^air), 
nothing but water is. expelled from it ; and that tl>e refidiiiu«i 
of the air is purely inflammable, without containing any fixed 
Vol. LXXIX. D air. 
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ain It is evident, therefore, that the iron had imbibed pure 
water only. Had the iron imbibed dephiogifticat^d air from 
the water, and not water itfelf, therp feems to be no reafon 
why fixed air (hould not be found in this, as well as in the 
exactly fimilar procefs with minium and ppecipitata per fe. 
Alfo, it can never be fuppofed, that the addition which iron 
gains, of one«third of its weight, is from air contained in 
fteam, if it could be prpved to contain -any ; becauie, if there 
be a fufficjent quantity of iron, the whole of the water will 
be imbibed ; io that, on this hypothefis, water muft be nothing 
but dephlogifticated air condenfed. 

There is, I acknowledge, a great difficulty in explaining the 
experiment of iron firft imbibing water, and parting w4th phlo* 
gtOon, and again parting with its water, and imbibing j^lo* 
giflon, in cir<^umftances of heat ib nearly fimikr as thofe which 
I have defcribed. It feems as if the affinity of iron to water and 
to phlogifton was each, in their turns, ftronger than the other. 
To this I can only fay, that the whole dodrine of affinities, 
as far as it is true, is founded on fads ; and thefe are clearly 
fuch as I have repreiented ; and that a difierence of circum- 
fiances, which is not apparent at prefent, may beoome fo 
when we (hall have given fufficient attention to them. 

ki order to fati^fy myfelf whether any thing befides water 
was expelled from finery cinder by heat, I went through fimi- 
lar procefTes with this fubftance and mafficot^ from which all 
air had been previoufly expelled ; and after reviving both of 
them in inflammable air, I found the refults, in all refpedls, 
the very fame. The refiduums of the inflammable air were 
equally free from fixed air ; and when they were fired with 
equal quantities of dephlogifticated air^ the diminutions of 
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bulk wei'e Ver^ niarly the fartie, Icfii than when the original 
mflaiminable air tra3 ufed, becaufe aU the impuritiesi xn the 
whole qjointic/ wete retained in a ftitall refiddttm, the mitak 
havmg . inibibed itotfolng but pore phlogiflxm* Alfb the hr« 
flammable dk bad been long confined by watef ^ in confequeiice 
of whidh it is ilWay» atteretd more or lef&. The partictiiars c# 
the proceiTes were is follows : 

The finery cinder was rerived in 7 ol^ m. of hiflamfnablo 
air, whldi was thereby jfeduced to 1 1 oz« m. ; afrd all at^ 
m. of this refidnutn being fired together with an equal quail« 
tity of dephk^ifticated air, not very pure, the diminiition of 
bo*b was to' a^divifions of a tube, of which 30 iVas one oi. 
nii When with eqnalr quantities of the hm6 dephIogi{Kcat6d 
and the ofigihdl inBadrnnable air the dimhiutioii was to i8. 

The mafiicot was reduced hi 8 oi. m. of infiamitoable ait 
til) it was reduced' tfi il oz. tm ; arid afller the prbceis' ^th 
thcdepblogtftibatod air^ the ditninndoh was to 29, when wiljh 
th6 original infiammdble air it was to 171* 

Iti both' .the refiduunEk^v ^itbc thoe explofion, there! wals- a 
(ligjhf appehFaiKe'Of,.^Msdftf^^ thoiigh none could be pdrceived 
bofyib^ thd esfijdfiocii bat in both cafes it was fo (Hght tK&t it 
eodld^noC haVebeen perceived by the diminution of its btj^IIr. 
Baft fince bdth fixed air and nitrons acid are poduced'£xim the 
fame materials iu different circumdances, it cannot! be thought 
tjAfioxAmty if, in fome cafes, both fhould be produced at the 
fame time. 

M« LAVoistEir and hisr aflbciatcs farther djferve, p. jdo. 
with refpdfl to ihy expeiiments, that " when a calx is revived 
^' in ifidanraorible air, oordre witter is foond in the veflel thah the 
" weight of inflamnwtble jiir that difappbaTS,fb tSiiat'it could 
** not have been contained iu that air/' They only refer to 
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my experiments, in general; but as they fpeak of the water 
produced as appearing both 0!i the infide of the veffel, and on 
the furface of the mercury, it can be no other than the experi- 
meiit of (therv revival x>f iron frqm finery cinder; and the water 
that is found in this procefs was never fuppofed to come from 
the little .that is contained in the inflammalile air, but the 
much greater quantity contained in the cinder. 

Before 1 conclude this Paper, I (hall jud mention a few cir- 
cumftancifiS' attending t'hre rriany explofions I have-made of in- 
flammable and dephlogifticated air in the long metallic add glafs 
veiTels I have made ufe of, as they were pretty remarkable^ 
The explofions were made by a fmall eleftric fpark at one end 
of .the veffcl, and the greateft force of the* explofion was always 
at the other end. No tinned iron veflcl could bear many of 
them, before they fwelled out at that. end, and at length burft ; 
aadeven the flat: end of the copper veflel,- which was not left 
than one-tenth of an inch thick, was in time^'made quite cohvexv 
and the cylindrical part next to it was made very- fenfibly 
wider than any other part of the tube. This miift have -been 
ieffefted by. mere force^ and not by heat-, for the hqtn^ft part 
of the tube, after every explofion, was never there,' but alwayk 
about the middle, though fomething nearer to that end- thaa 
the other, and in the glafs vefiel the denfe cloud was always 
formed at that end. 

. The probability is, that the air where the eleftric fpark 
is made taking fire firft, the inflammation does -not extend 
itfelf fo rapidly but that the air at the oppofite end is firft 
condenfed, in confequence of the inflammation and expanfion 
of the air at the other end, fo that the air is there fired in \ 
condenfed fiate ; and hence its greater force* 
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III. Obfervatkns on the Clafs of Animals called^ by Linnaeus, 
. Amphibia ; particularly on the Means of dijiinguijking thoje 
Serpents which are venomous j from thofe which are not fom 
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GF the various clafles of the aniaial khigdom, no one has 
been fo little ^tten<Jed to as the clals, called by Lin* 
KiEUS, An^phibia. What he himfelf did in that clafs (though 
fer fuperior towhat any other perfon has done) was evidently 
done in a hurry ; falie references are, at lead, as common in 
that, as in any other part of his works, and many of his 
dcfcriptions are given in a very carelcf? manner; others there 
arc> however, which are truly worthy of their author, and 
in which the fpecific charafbrs are pointed out with that 
clearnefs and precition, which {o eminently diflinguilh th^ 
defcrlptioas of Linn^us from thofe of all his predeceflbrs. 

In the confiruftion of the clafs, Linn^us has been particu- 
iarly unfortunate ; as be has erred, not only in making an uni- 
locular heart one of the characters of it, but alfo in making 
the cartilaginous fiHies a part of it. I think it needlefs to men- 
tion the caufes which led him to this latter error ; every ana** 
tomift now agrees that the Amphibia Nantes are not furnifhed 
with lungs ; and every naturalift is convinced of the propriety of 
removing them, from the clafs of Amphibia, to that of Fiflies. 
I (hall only xobferve that, by the removal^ the name of the 
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clafs (which fome naturalifts have cavilled at) becomes much 
lefs objedtionable ; there being few genera, in the two orders or 
which it is now prefumed to confiit, which do not contain 
animals to which the term amphibious may, with ibme pTo* 
priety, be given ; whereas, in the order of Nantes, not one 
Jpecies occurs which has the fmalle/V claim to that fitfe. With 
rcfpedt to the other error I noticed {pi^. that of fuppofing the 
hearts of the Amphibia to be fingle) it would be eafy to fliew 
that k was not an uncommon one, at the time Linnaus 
formed his fyftem. And indeed he appears to have been led 
into it, by following an author whom he probably fuppofed 
of too great fame not to be fafely relied on. At leaft, in de- 
fence of his opinion, he quotes the following words' of Boer-, 
HA AVE* ** In omnibm animaUbus in quiius'fangms noncale*^ wwi- 
«* triculus cordis ejl umcui.^ Whether the heartfe of all the* dif- 
ferent genera, of which the clafs i& compofed, have yet been acctH 
rately examined ; and" whether an exa€l fimilarity of ftru&ure ii 
found throughout the clafs; are queflions I do not mefifn^ at 
prefent, to examine. B: is' fufficient for my purpofe fooMervej 
that the hearts of md!i of the Amphibia are itow wdlt knbvm 
to be double, with an immediftte? comrmunicatloii between tfie 
two cavities; which ftrufture feems peculiarly aldapfed t6 that 
change of element; which (a^ I befdre obferved) many of them 
can, for a time, fupport; and thercby^^ furniflie* another argu^ 
ment in favour of the name Linkjeus^ has given to the clafii 
-- To confidcr the ftru6ture of the heart, however, isf not 
abfolutdy neceffary in forming the chara^ers^ of the cla-fi't 
the animals of which it confifts being fiiffieiently drftingmffeted 
from all others, by having coH" red bloody and breathirig by 
means of Itrngs. Thfefe two charaffers render the. clift p>er- 
ft&Yy drffittdl^ from the rcft^; the two ^ fwpefiort ortes, v/ai. 
4 Mammalia 
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Mammaliii and Birds, having warm blood ; and the three infe- 
rior ones, vh. Fiflies, Infefts, and Worms, not being fur** 
aiflied with lungs. 

In his generic characters, Linnaus has been more fuccefsful 
than in thofe of the clafs ; infbmuch that thej may, I think, 
be coniidered as the beft hitherto given. Whoever will be at 
the pains of comparing Linn^us's gcttera of Amphibia with 
tho(e of Gronovius, will find, that the generic characters of 
the foraier, though few in number, are predfe and diftinft ; 
while thofe of the latter, though more numerous, are vague, 
indiftind, and fometimes inaccurate. As a glaring inf)r<mce 
ef inaccuracy, I need only refer ta the Chamacleon, which 
by Gronovkjs is ma^ a diftinft genus, of which oqe of his- 
characters is^. Pedes trngmbus deftttuHi whereas, in fad, the 
feet of that animal are furnifticd with very dtftin£J:, and pretty 
large, elaws. 

But though LrNKAUs*s genera of Amphibia are, upoa 
the whtde, well formed, it muft be allowed to be a great im- 
perfedion in them, that the venomous ferpents are not fepa« 
rated from the others. 

From fomc exprefHons of his, in the Preface to the Muftum 
Regis f and in the Introduction to the Glafs Amphibia, in the 
Sg/kma- Naturo", itfeems, that he thought it not eafy to diftin- 
guifli them, by any external characters ; and his ideas refpeCting 
the venomous fangs themfelves were (as we fliall fee hereafter) 
fb vagu6 and confufed, that it was hardly poiiible for him to 
attempt to found a generic diftindion upon them ^. 

* At a fori of comparative excufe for Linnjbits, it may be obferved, that 
GaoNoviVs (though he made two more genera of Serpents than Linnaxts) did 
Jiot feparate the venamous ones ; neither hai be diflinguUhed them by a mark (as 
LtNNiEus has) or by any other means. 

Whether 
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Whether venomous Serpents can be, with certauity, diftirt'*. 
guifhed from others, and if fo, how they are to be known, i& 
what I mean to confider in this Paper ; in dping whiph I fhall 
examine, firft, how far they may be diftinguiflied by any ex- 
ternal charaders ; fecondly, fuppoiing the venomous fangs to 
be the only certain criterion, how thofe fangs are to be diftin- 
guiflied from common teeth. 

Though Serpents, by their internal organization, naturally 
belong to the third clafs of the animal kingdom, they are, ia 
their external form, more limple than moft of the animals 
belonging to the three inferior claffes ; their external charaftcrs 
muft confequently be very few. I fliall firft examine thofe of 
the head ; and, as all venomous Serpents (fo far as our prefent 
experience extends) are contained ia the three firft of Lin- 
NiEUs's genera, I fliall, at prefent, confider only thofe th^ee. 

In the firft genus, Crotalus, the head is broader than the 
jicck, deprefled or flat at top, and covered with fmall fcales. 
Thefe three chjirafters are particularly obfervable in the three 
intermediate fpccies horridus, Dryinas, and Duriflbs. In the 
miliarius the fcales of the head are rather larger than in the 
others. The mutus I have never feen ; but it certainly fliould 
not be placed among the Crotali *. 

As all the fpecies of this genus are venomous, one is natu- 
rally led, by the examination of It, to confider the fore- 
mentioned charafters as being, in fome meafure, proper to 
venomous ferpeuts. In order to fee how far they are fo, I fliall, 
for the prefent, pafs over the next genus. Boa, and confider 

* Lir^N^Cus's rcafon for not placing it among the Boae feeihs to have been, 
that he fuppofcd none of them were venomous. He appears^ however, to have 
had his doubts about the contortrix* I have examined it, and am convinced it n 

venomous, 

that 
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that which follows it^ Coluber. In that genus are many- 
venomous fpecies, and it is very certain that, in general, they 
have the fore*mentioned characters ; examples of which may 
be feen in the Atropos, Ceraftes *, atrox, Berus, and others. 
It is, however, equally certain, that there are fome in which 
they are not to be found. As an example of this, I need only 
mention the Naja, a fpecies well known to be very venomous ; 
the head of which is neither deprefled nor broad, is covered 
with large fcales, and is, in every refpeA, a complete exception 
to what has been faid, refpe£ling the heads of venomous 
Serpents. 

Since then, there are venomous Serpents in which the 
fcre-mentioned charaAers, vi%. a broad and depreffed head, 
covered with fmall fcales, are not to be found ; I (hall next 
examine whether thofe charadlers are to be found in any of 
thofe Serpents which are not venomous. In the genus Coluber 
there are very few (except venomous ones) which have the 
head much broader than the neck ; and of thofe few, I believe, 
every one has the head covered with large fcales. But in the 
genus Boa, though no fpecies is venomous, except thb con- 
tortrix, almofl every one has the head broad, deprefled, and 
covered with fmall fcales. The canina, Conflri6:or, hortu* 
laaa, befides fome others not defcribed by Linnaus, furnifii 

^ The Cenfiet it not marked by Linnjevs as a yenomous fpecies. He pro- 
bably depended upon HAssBLoyisr^s defcription, which I fufpe^l to have been 
snade from a mutilated fpecimen. Mn Ellis's defcription in the Fhilorophical 
Tran&Aions, Vol. LVI. p. 287. is only a Tranflation of HAssELQyiST*s« But 
lie obfervesy that Dr. Turnboll told him it was venomous. That it is fo, I 
have not the fmalleft doubt^ though in the only fpecimen I have feen of it the 
fangs were wanting. Impekatq, who has given a figure of it (Hift. Nat. p. 784* 
Ed. Nap.), fays it is very venoouniSt 

VoL.LXXIX» . Jl examples 
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examples of this. It muft, however, be confeffed, that the gene- 
ral charafter of the head of the Boa, though differing very wideljr 
from that of thofe Colubri vthich are not venomous, is not 
quite that of the Crotalus ; but the difference, though very- 
obvious to a perfon accuftomed to the examination of Serpents, 
is perhaps not eafy to be fully exfireffed in words. .It feems; 
however, to contift principally in a lateral xompreffion*, and 
elongation, of the anterior part of the head, fo as to form a 
kind of fnout. Hence the trivial name ,of canina is given by 
LiNN^us to one of the fpecies. 

From the charaders of the head (as the trunk affords none 
deferving confideration) I (hall proceed to thofe of the other 
extremity. 

In the Crotali I have never found the tail (excluiive of the 
Rattle) to exceed one-ninth part of the whole length ; fome* 
times I have found it much fhorter. In fome of the venomoUs 
Colubri, the proportion is ftill lefs. In the Atrc^os I found it 
onlyone-thirteenth. In the Englifh Viper (Coluber Berus) it 
is comaionly about one-feventh or eighth. In fome venomous 
fpecies, however, the proportion is fomething greater* In the 
Naja I have found it as much as one-fixth ; which proportion 
is, I believe, as great as I have ever obfervcd : but that I may 
be fare to keep within the truth, I will only fay, that I bavQ 
never met with a venomous Serpent,, the tail of which was 
" equal to one- fifth of the whole length *. 

^ The tail of the Boa contortrix is faid by Linkjeus to be one»third ; but hit 
own cnuineratioa of the Scuta fuiEciently fhews that this muft be an error. . The 
Colubgr Leberis, Dipfas, and myGLmzznt. appear, by the number of fcales 
under their tail, to furnifh exceptions to what I have faid. . Tbertwo firft I have 
never feen, but fufpedl they are not venomous ; that the laft is not fo I am very 
icrtain^ having examined many fpecinjehs of it. ".''.-.. 

2 With 
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With refpeft to thofc Colubri which are not venomous, it 

muft,])e confefled, that, there are many whofe tails are within 

the limits afligned to the venomous ones. In the Coluber ^fcu- 

lapii, doliatus, getulus, and fome others, the tail is not, in 

general, more than one*feycnth of the whole length. In the 

lemnifcatus I 4iave found it npt exceeding one-twelfth or 

thirteenth; but 1 know no other Linnaean fpecies in which it 

is fo (hort. In the greater nunyber, however, the proportion of 

tail is more confiderable ; in many^ it is full one-third* In th^ 

Aha^rulla, and in fome fpecies not de(cribed by Linnjeus, I 

have feen it more than two-fifths; but have never met with a 

ipecies in which it was quite fo long as the trunk, or half 

of the whole length. 

I have not confidered the Boas, becaufe none of the Linnseau 
ipecies, of that genus, have their tails either remarkably long, 
or fhort; but, in two fpecieSf not defcribed by LiNNiEUs, I 
found the tail very little exceeding the proportion I have afligned 
to the Coluber lemnifcatus. 

In the thicknefs of the tail, or in the acutencfs of its termina- 
tion, I have obferved no difference worth remarking. In every 
fpecies of the three firft genera, the tail is thinner than the trunk; 
and in moft of them it is more or lefs acute. The few exceptions 
I have obferved were, I believe, none of them venomous ; but 
they are too few to deferve any particular confideration, 

A charafter of great ufe in diftinguifliing the fpecies of Ser- 
pents, and which was not overlooked by Linnjeus, is, that 
elevated line, or carina, with which the fcales of tpany fpecies 
are furnifhed. In order to (hew how far this Is to be cqnfidered ' 
as fervuig to diftinguifh venomous Serpents from others, 1 
need only obferve, that I have examined one hundred and twelve 
fpecies of Serpents, not venomous, belonging to the three firfl 

El * genera ; 
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genera; and find that eighty of them have ftnooth fcalcs, and 
thirty-two only have carinated ones. Of venamous Serpents 1 
have exanained twenty-fix ; of which number, twenty have 
carinated fcaks, and on}y> i^x have fnMoth ones. Upon the 
whole^ thereforei carinated fcales muft be confidered as being, 
in feme meafure, a charafter of venomous Serpents. 

In what 1 have hitherto faid, I have confidered only the 
three firft genera of Serpents ; I (hall now make ibme remarks 
upon the three laft. 

Thefe three (viz. Anguts, Amphiiba^na, and Caccilia), be*^ 
fides the characters aflrgned them by Linnjevs, have Ibme 
others which are comnK>n to all, aixl which render themveiy 
different, in their external appearance, from any of the three 
firft genera. Thefe are, a very thick and obtufe tail, and a 
head which is very mdiAin£t *, and furnrfhed with very fmall 
eyes. This laft charafter {yi%. very fmall eyes) i^ fometimes, 
though very rarely, met with among the Colubri, for inftance, 
in the lemnifcatus ; in the three laft genera, however, tt takes 
place, I beKeve, without exception. The thicknefs of the tail is 
alfo common to every fpecies ; and though in the Anguis bipes^ 
and in another fpecies, not defi:ribed by Linnaus, but figured 
in Browne's Hiftory of Jamaica (Tab. XLIV. fig. i. +), the 
tail has an acute termination, yet in both tfaofe fpecies, efpe* 
cially in the laft, it continues thick to the tnA^ and becomes^ 
fuddenly (harp, being what in botanical language would be 
called, obtu/h cum acumine. Witb refped to the proportionate 
length of taHi however, it is very iremarkable, that the genus 

* This indifiindnefs of the head,, which is more or lefs common to each 
feaus, it in the Amphifbana fo conilderable, as to have- giveo rife to the fuppofi^ 
ttOQ of that Serpent^s having a head at each end. 

t This figure is, by Lirnjeus, erroneoufly quoted as his Anguis^ Xvm^ 
bricalis* 

Anguia 
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Anguis affords examples of much lefs proportion, and alfo of 
much greater, than is to be found in any of the three firft 
genera. * In the Anguis Scytale the tail ifs not above one-twen- 
tieth of the whole length ; in the macnlata it is not above one^ 
fortieth i yet in the Anguis fragilist and in the ventralis, the 
tail is always longer than the trunks or, in other words, is more 
than half the whole length. Indeed, in one fpecimen«of the 
kft.oaentioned fpecies, I found the tail nearly two-thirds of the 
whole length. It may, however, be queftioned whether that 
fpecies is really an Anguis, or a Lacerta** 

I (hall make no further remarks on the external charaAers of 
Serpents ; the principal inferences to be deduced from thofe I 
have already made, are the following. 

I ft. That a broad head, covered with fmall fcales, thougli 
k be not a certain criterion of venomous Serpents, is, with 
ibme few exceptions, a general charader of them. 

2dly, That a tail under one*fifth of the whole kngth, is alio 
a general chara£ler of venomous Serpents ; but, fmce many of 
thoie which are not venomous have taila as fhort, little depen- 
dance can be placed upon that circumftance alone. On the- 
other hand, a tail exceeding that proportion, is a pretty certaiit 
mark that the fpecies, to which it belongs, is not venomous. 

3dly, That a thin and acute tail is by no means to be confix 
dered as peculiar to venomous Serpents i though a thick and 
obtufe one is oiily to be found among thoTe which are not 
venomous^ 

* The Angub vratralk of Linn aus^ ii fo very lite the Laccrta apodit, 
dcfcribed hj Pallas, in Vol. XIX. of the Novi Comment. Petrop. as to render 
it dtmbtfiil whether it may not be the fame. When I firft examined it, I^ 
confidered k ai a Lacerta, on account of the proje^ng future along the body,, 
aad the open ears ; but i have fince met with a fpecimen which had two large* 
eehinated Pmes (as they are called) a charafi^r which is, I belicvei peculiar 
to Sorpcnts. 

4thJy* 
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4thly, That carinated fcales are, in fotxie meafure, cha- 
rafteriftic of venomous Serpents,, fince in them they are more 
common than fmooth ones, in the proportion of nearly 4 to i ; 
whereas, fmooth fcales are, in thofe Serpents*which are not 
venomous, more common, in the proportion of nearly 3. to i. 
Upon the whole therefore it appears, that though a. pretty 
certain conjedture may, in many Viftances, be made, frqm the 
external characters ; yet, in order to determine, with. certainty » 
whether a Serpent b^ venomous or not, it becomes neceflary 
to have recourfe to fome more .certain diagnoftic. This can 
only be fought for in the mouth ; I (hall therefore next con- 
iider, how the fangs, with which the mouths of venomous 
Serpents are furnifhed, are to be di(lingui(hed from common 
teeth. 

To thofe who form their ideas of the fangs of venomous 
Serpents, from thofe of the Rattle-fnake, or even from thofe 
of the Englifh Viper, it will appear ftrange, that there (hould 
be any difficulty in diftinguilhing thofe weapons from common 
teeth ; and indeed the diftinftion would really be very eafy, were 
all venomous Serpents furnifhed with fangs as large as thofe of 
the fore-mentioned fpecies. But the fa€l is, that in many 
fpecies the fangs are full as fmall as common teeth, and con- 
lequently cannot, by their fize, be known frona them ; this 
is the cafe with the Coluber laticaudatus *, lafteus, and feveral 
pthersp I cannot, however, better demonftrate that the dif- 
tinftion, between the venomous fangs and common teeth, is not 
very obvious, than by (hewing how very vague and erroneous 

* This fpecies is by Linn^us reckoned venomous, in the Mufeym Regis, 
though the mark is not affixed to it in the SyHema Naturae. To me it appears 
to be certainly venomous, and is the only water Serpent I have met with that 
is fo, 

Lin- 
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Linn;£\:s*s ideas about them werej nor can I better prove 
the want of information en this fubjeft, than by obferving 
that,, erroneous as the ideas of LiNN-kus were* no one, that 
I know of, has yet attempted to furnifh more correal ones. 

LrNj^^us thought the fangs might be dlftinguiflied by their 
mobility ; this, at leaft, may be fairly inferred, from his never 
mentioning them in the Mufeum Regis, without adding the 
epithet' /wofty/^, except in one inftance (the Coluber auli- 
cos) ; and, in that very inftance, the want of mobility ih 
the fuppofed fangs appears evidently to raife doubts in his 
mind, whether they are really fangs or not. His words 
are, ^^ Denies^ Jive tda^ duoy rigida^ parva^ non mobllia^^ 
Thefe 'do\>bts, rcfpe^lirig' the .above-mentioned fpecies, I am 
not able to remove, .as I am not fure that I have ever feefi 
it*. But with regard to mobility, confidefcd in geuercil as a 
chaTasdler of vraombus fangs, I muft aflcrt, .not only that! 
have never found itib,^ but alfo, that I hare never been able, to 
difcover in them any thing which I thought coyld pi-c^rly be 
called inobility? I have, indeisd, fbmetimcs found fpmQ of 
them.loofe in their fockets ; but then I have found ojther.s> ia 
the fame fpecimen, quiti fixed. The fame, ttkiwg wa$ ob- 
fertrcd both by Dr. -Nicholls +, and by the Abbe Fontana J/ 
in the common fViper, even during life. The loofe fdngs may 
be fudh aa have not yet been firmly fixed in their iocket, 6t 
they may .have been Idofened by feme accident .: for I fufpeft 
that the' fangs may be at any titrie lobTened, andevcwi difplaced> 
by a fmall degree of violences and that,- perhaps,, may be.flfne' 

♦I have fcen one, which agreed^ pretty wcH with LiNii-£us*<,dcfcjiption ; if 
Hiat was i^ally his fpecie9> it is not venomous. •.'..: j ■ 

t Appendix to Dr. MEAD^s.Actount^of the Viper* 
X FoN+ANA, Traite fur le Venin de la Viperc, chap, ift aad ad* 

reafon 
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reafoii why there is always a certain number of fmall fangs^ 

near the bafe of the full grown ones, ready to enlarge and 

take their place, if they (hould be, by any accident, torn 

out. 

LiNNJGUs (eems alfo to have thought that the fangs might be 
known by their fituation. In the Introdudlion to the clafs Am- 
phibia in the Syftema Naturae, he fays they are, ** Dentibus 
^^ Jimltlima Jed extra maxillam fuperiorem collocata ;** and in the 
defcription of the Crotalus Dryinas, In the Amoenitates Aca- 
demical, he fays, '^ Denies ejus duo canini uti in reliquis vene-» 
'< nails Serpentibus non in max Hits i^er^nt^ sis enim vulnerando^ 
** non autem iSius infiigendo utitur^ 

Thefe two quotations (hew, that Liknjeus thought the 
iituation of the fangs different from that of the common 
teeth ; the laft alio (hews that he thought their mode of adion 
influenced by it. What difierence in (ituation may be found by 
accurate difTeftion, it is foreign fo>m my prefent purpofe to 
enquire ; I am, however, very certain that common ezamina* 
tion * will not difcover any diffefeoce, in that refpef):, between 
the fangs of venomous Serpents, and the teeth of others. 

But the moft (ingular opinion of Linn jb us, refpedling the 
venomous ^gs, was, that they were fometimes fixed in the 
bafe of the jaw. Of this he has given two inftances in the 
Mufeum Regis. One in the defcriptbn of the Coluber feverus, 
of which he fays, '* fi^^ mobiles foKtaria wrfus bqfin maxil^ 
<* larum interim adbetrent.^^ The other in that of the Coluber 
ftolatusi His words there are, <* ^ela mMlia ad bafin tnaxii^ 

* By eommoii examinatioii I mean fach si msy be made without diffofting, or 
otherwtfe damaging, the fpecimen to be examiiitd ; and fuch only do I fiippefe 
allowable io the difiindion I am ieekiog to efiablifli. 

X ^^ larum 
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** larum affixa^ ut vix vulnerare valeat Ao/ies, folum ciios veneno 
•* infictre^ 

LiNN^us's opinion refpefting the ufe of the fangs, in the 
laft mentioned fpecies, appears to me not vtty clearly ex- 
preffed*. But I have quoted both defcriptions, merely to (hew- 
that LiNNJEUs thought the fangs were fometimes placed in 
the bafe of the jaw ; an idea for which I have never been able to 
difcover any foundation. The firft of the two fpecies in queflion 
I have never feen ; of the ftolatus I have examined feveral 
ipecimens, and am convinced it is not venomous. 

1 fhall not dwell any longer on the falfe notions which have 
been entertained, refpefting the fangs of venomous Serpents, 
but (hall proceed to (hew how^ in my opinion, they may be mod: 
eafily, and moft certainly, diftinguiihedfrom common teeth. 

With refpeft to their (ize, 1 have already obferved that it is 
very various, confequently no certain judgement can, in all 
cafes, be made from that circumdance. In fome fpecies they 
are fo large, that their (ize alone fufficiently diftinguilhes them 
from common teeth ; but in others they are fo fmall, that it is 
very difficult to difcover them. 

The (ize of the common teeth alfo varies very much, in dif- 
ferent fpecies. In the Coluber mySerizans they are remarka- 
bly large, efpecially thofe which are (ituated near the apex of the 
upper jaw ; which, circumftance probably helped to lead Lin- 
naeus into the erroneous opinion he entertained, that this Ser- 

♦ LiKNiSus's opinion fccms not unlike that of the Abbe Fontana, who 
(in the work already mentioned, chap. la.) fippofcs the poifon of the Viper may 
be of ufe, to the animal, in dige(hon. To roe the venomous fangs have ever 
appeared to be merely offenfive weapons \ nor can I fee greater difficulty in fup- 
pofing fuch a weapon, with the. power of injecting poifon, placed in the head of 
a Viper or Rattlc-fiiake, than in fuppofing fuch an one, with a fimilar powcr^ 
placed in the tail of a Wafp or Hornet. 

Vol. LXXIX. F pent 
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pdnt was venomous. But in many fpecies the teeth are fo 
fmall, that it is impoflible to difcover, merely by looking into 
the mouth 9 that the animal has any. Yet in that cafe they may 
be very eafily deteded, by drawing a pin (or any other hard 
fubftance) with a moderate degree of preflTure, along the edge of 
the jaw, from the apex to the angle of the mouth, when they 
will be felt to grate againfl the pin, like the teeth of a (aw. 

Although thefizeof the venomous fangs is very various, their 
fituation is, I believe, always the fame ; namely, in the anterior 
and exterior part of the upper jaw, which (ituation I coniideras 
the only one in which venomous fangs are ever found. But as,. 
in thofe Serpents which are not venomous^ common teeth, 
are found in that part of the jaw, it is plain that we can* 
not, by fituation alone, diftinguifli one from the otiier. They 
may, however, be diftinguiflied with great eafe, and I be- 
lieve alfo with great certainty, by the following fimple ope- 
ration. When it is difcovered that there is fomething like 
teeth in the fore- mentioned part of the upper jaw, let a pin 
be drawn, in the manner already defcribed, from that part of 
the jaw to the angle of the mouth (which operation may^ 
for greater certainty, be tried on each fide). If no more teeth 
are felt in that line, it may I believe be certainly concluded^, 
that thofe firft difcovered are what I have diftinguiffied by the 
name of fangs, and confequently, that the Serpent is a venomous 
one *. If, on the contrary, the teeth firft difcovered are found 
not to ftand alone, but to be only a part of a complete row, it 
may as certainly be concluded, that the Serpent is not venomous* 

• * If a fpecimcn fhouM be met with, in which no- teeth, of any kind, can be 
difcovered in the margin of the upper jaw, the prefumption isj that it is a 
-venomous Serpent, which has loft its fangs ; but I have never met with fuch an 
one, except the Coluber Ceraftes already raentioaed.. 
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In the upper jaw, both of venomous Serpents and others, 
befides the teeth already fpoken of, there are two interior 
rows; confequently, the diftinftlon I have endeavoured to 
eftablifh might be expreffed in other words, by faying, that 
all venomous Serpents have only two rows of teeth, in the upper 
jaw, ^nd all others have four *. I think it better, however, 
to leave the interior rows out of the queftion, as, in many 
fpecies, the teeth of which they are compofed are fo fmall, as 
to make it very difficult to difcover them. Indeed, in two 
fpecies of Anguis, I can hardly be fure that I have difcovered 
them; but as, in every other fpecies, I have never failed to 
do fo, I prefume I may, with very little ri(k of error, affert, 
that all Serpents whatever are furniflied with them ; and thit 
thofe only, which are not venomous, have the exterior rows. 

What I have faid fufficiently fhews that Linnjeus's ideas, 
refpefting venomous ferpents, were fuch as did not permit 
him to feparate them from the others ; if the method I haVe 
propofed (hall be found to render the diftindion of them fuffi- 
ciently clear and eafy, it paturally follows, that they (hould be 
niadegenerically diftind. Some other reforms might alfo be made 
in LiNNAUs*s clafs of Amphibia, the confideration of which 
I do not mean, at prefent, to enter further into. But, be- 
fore I conclude, I think it neceflary to notice an inaccuracy 
of LiNNAus, of a different kind from thofe I have already 
pointed out. 

* Gronovius, of whofe inaccuracy t have already g^rco one inftance, in 
defcribing the Crotalus Duriflus, in his Mufeum Ichthyolo^cum, fays it has no 
teeth, except the venomous fangs. Klein, in his Tentamen Hecpetologix, hat 
gone ftiU further, having a&oaily made a genus of Serpents without teeth, which 
lie calls Anodon. Ho appears not to have examined the mouth of a finglo 
^cies ; but to baye depended intireiy upon the defcriptioas of Sitftiu 

Fa la 



^6 jDr. Gray*s Obfervations^ &c. 

In the Preface to the Mufeum Regis, and m the Intro- 

duftion to the clafs Amphibia, \\\ theSyftema Naturae, Linn^us 
fays, that the proportion of venomous Serpents to others, is 
1 in 10 ; yet in the Syftema Naturae, in which the fum total 
of fpecies is one hundred and thirty-one, he has marked twenty- 
three as venomous, which is fomewhat more than i in 6. How 
he came to be lb much at variance with himfelf, I know not; 
but the laft mentioned proportion feems to me to be not far 
from the truth ; as I find that I have examined one hundred 
and fifty -four fpecies of Serpents, of which number twenty- fix 
appear to be vencmous. 

I have already mentioned, that the Coluber ftolatus and the 
myfterizans, though marked by LiNN-ffius as venomous Ser- 
pents, certainly are not fo ; and that I . fufpeft the fame may 
be faid of the Leberis, and Dipfas. I have alfo obferved, that 
the Boa coQtortrix, Coluber CeraAes, and laticaudatus, none of 
which are marked in the Syftema Naturas, are all of them 
venomous ; to thefe laft may be added the Coluber fulvus* 

If LiNNiEus's fpecies were all accurately examined, I have 
no doubt but more errors, of both kinds, would be found ; for. 
It muft be obferved, that though I have examined a greater 
number of fpecies than Linn^us, not above half that number 
are of thofe defcribed by him ; confequently there remains more 
than one-third of his fpecies which I have never feen. The 
number I have examined, however, feems to me fufficiently great 
to warrant the inferences I have drawn from that examination. 
That fome exceptions to them might be fo);rhd, by the exami- 
nation of a greater number, is very poffible ; but, if thefe ob* 
iervations ihall tend to re£tify the falfe notions which have: 
been entertained fefpe6ting venomous Serpents, and to render 
the diftindion between them and others more clear, I trufL 
they will be thought not totally u&lefs. 
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IV. Obfervaiiom on the Drynefs of the Tear 1788^ Ji a Letter 
from the Rev. Mr. B. Hutchinfon to Sir Jofcph Banks^. 
Bart.P.R.S. 



Read January 15, 17894 



S IR, 



Kimbolton, January 8, 1789* 



AS the defedk of rain has been very confiderable in 1 788 j, 
and in confequence a great want of water on the clofe 
ef the year univerfally felt ; perhaps the quantity ^Uen here». 
compared with that of the feven preceding years^ may not ba 
unacceptable to yourfelf and. the Royal Society.. 



Inches^ 


21,6-^ 


23,6 
28,0 
21,0 


5 


24.7 
23.8J 





! 25 inches, the mean ofieven year& 



Rain 1781 
1782 
1783 
1784 
1785 
1786 
1787 

1788 14,5 

By eftimation it therefore appears, that the average qiian>> 
tity of rain of the feven preceding years is 25 inches,, and the 
tain which fell lafl year is only 14,5, that is, notiQUch more 
than half that quantity, if we dedu6: i ,3 now lying in fnow^ 
which £:11 in December, and not in folutiou. On the fuppo> 

fitioni 
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lition which^ I believe, is not far from truth, that the whole 
ifland has had thcv fame defed ; a greater failure of the pro- 
duce of the earth might have been expcfted than what the 
country has experienced; for, except in hay, and a little 
failure in turneps, the crops have in general been as plentiful 
as in moil of the former years, and in fruits of the orchard 
much more fo« 

It has always been faid of England, that drought never 
occaiions want ; this year verifies the aflertion. But to account 
for crops that, taken on the whole, are rather abundant, we 
may confult the following monthly ftate of rain for 1788L. 





locbes. 


In January 


9»3 


February 


«»7 


March 


0.7 


April 


0,0 


May 


0,6 


June 


1,8 


July 


o,« 


Augufi: 


3.4 


September 


3»4 


Oaober 


o»3 


November 


0,1 


December 


i>3 



>4,5 

Having premlfed, Sir, that there were no extremes of cold 
«nd heat throughout the year ; the thermometer in a north* 
«m exp<^ure never falling below the freezuig point during the 
^y-tlme, except on the 14th and J 5th of January » the 6th, 

7th, 
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7th, 8tb, loth, nth, 1 2th, 13th, and 17th of March, and 
on none of thofe days at noon, fo that there never were 
twenty-four hours together fucceflive froft ; therefore vegcta* 
tiofi was never entirely at a ftand« In fummer it did' not' rife 
to 80 degrees, except on 

May 26 8o» 

27 81 

28 81 

June I & 83 with thunder and rain : then coot for ai 
27 80 week* 

July IE . 80 
12 82 

Augufl: 4 81 : the reft of the time exceedingly teixi>- 
pcrate. 

Now, the rain that fell on February was towards the end of 
the month ; which, together with that which fell in March^ 
brought up the fpring corn, gave an early firft crop of hay to 
the large towns, and covered the meadows and paftui^s in the 
country ; that they were not fo entirely dried up through the 
defctt of April, as to prevent the rain, which fell plentifully 
on the 29th of May, fucceeded by more in June,, giving a 
fecond crop to the former fituations, and a firft, though late 
one, to the latter: and as fructification chiefly depends on* 
rain falling at the latter end of the feafon of flowerings this 
rain fet the bloflbms of wheat, and of the ufeful fruit-trees j 
as the great rains in Auguft fwel)ed the kernel, filled, as tfaey^ 
term it, thebulhei, and gave an opportunity for a fecond crop- 
of turneps that proved more vigorous than the firffci. 
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V. On the Method of determining^ from the real Prohabilhles of 
Life J the Value of a contingent Reverfon in which Three 
laives are involved in the Survivorjhip. By Mr. William 
Morgan ; communicated by the Rev. Richard Price, D. D. 
J% R. S. 



Read January 29, 1789* 

IN a Paper which I had lately the honour of communicating 
to the Royal Society, refpedling the method of deter- 
mining the values of reverfions depending on furvivorftiips 
between two perfons from the real probabilities of life, I ob- 
ferved, that the inveftigation of thofe cafes in which three 
lives were involved in the furvivorftiip (though attended with 
much more difficulty) might, however, be efFedled in a fimilar 
manner. The further purfuit of this fubjeft has now con- 
vinced me that, as it is never fafe, fo likewife it can never be ne- 
ceffary to have recourfe to the expeSlations of life in any cafe ; 
and that the folution even of thofe problems which include three 
lives is far from being fo formidable as at firft fight it appears to 
be. I am fenfible of the impropriety of entering minutely iu 
this place into the vaft variety of propofitions which refer to the 
different orders of furvivorfhip between three lives ; but as the 
following problem feems to be of confiderable importance on 
account of its being applied to the folution of many other pro- 
blems, the demonftration of it, perhaps, may not be thought 
^n improper addition to my former Paper. 

PROBLEM* 
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PROBLEM. 

Suppofing the ages of A, B^ and C, to be given ; to deter- 
xmne, from any table of obfervations, the value of the fum 
S payable on the contingency of CTs furvivin^j B, provided the 
life of A (hall be then extind. 

s o L UT 1 OK* 

Let a reprefent the number of perfons living in the table at the 
age of A. Let tf^ (^\ y, ^^''', &c. reprefent the decrements of 
life at the end of the ift, 2d, 3d, 4th, &c. years from the age of 
A. Let b reprefent the number of perfons living at the age 
of B, and fft, «, «, p^ &c. the number of perfons living at the 
end of the ift, 2d, 3d, 4th, &c. years from the age of B. In 
like manner let c reprefent the number of perfons living at the 
age of C, and dj e^f^ g^ &c. the number of perfons living at the 
end of the ift, 2d, 3d, 4th, &c. years from the age of C. 
Let r ^Ifo denote the value of JT. i increSfed by its intereft for a 
year. In order to receive the fum S in the firft year, it is 
neceifary either that all the three lives (hall have died in that 
year, A having died firft, B next, and C laft ; or that only the 
two lives A and B (hall ^have died (A having died iirft), and 
that C (hall have lived to the end of that year. The proba- 
bility that the. three lives (ball, die in the fir(t year is 

""" ' ^"-. The probability that they (hall die in the order 



above mentioned is - * ; . The probability that both 

A and fi (hall die in the fifft year is ^^ . Half this frac-. 
Vol. LXXIX. G "• tion, 



4% Mt, MonoAN m SttrvherfifJfs. 

■'io"* *"^ " a^r*" * *^ '^® probability that the death of A (hall 
happf^ liefore the death of B in this year. The probability 
t^tC ih^U i«rvlve ^ aod B, retrained to the contingency of 

A*s having died firft, is ■ ' ^^^ ' •* Theyalue therefore of the 
fumSfcrthefirftyearisSx ^^^^ ^-^ ^^^y ^^ x 

-^ - -5^ +'T Y ^ • * I^ ^e lecond year the pay- 

lt»ent of the ^iven fum will depend on either of four events 
happening. Firft^ on the contingency of all the three lives 
trying in tJiat year> A having died iirft, B next^ and G laft* 
adiy. On the coatingency of B*s dying in that year, Cs living 
to tibe ^nd of it, and A's dying in the firft year, ^dly, Oa 
the <:ojitiagency of B's, dying after A in the fecoiid year (both 
jQi them having furvive4 the firft year) and of Cs living to the 
<ud of that year* 4thly, On the contingency of A^s dying ia 
the frrft year, and of B and C-s. both dying in the fecond year* 
B htavii^ dieij iirft. The probatnlity of the firft coDtioj^eucj 

as exprefied igri the fraftion ? >, / . ^ . 7:^'./ . ■ . f > The probability of 

the iiiqoqd by tfce. ftaftioo '^^ ' ^ ^ The prohabUily of the 

tlijrd ty tiie fira£tion ^ ' ^^Ji ^^ And the probability of the 

ibnitk contingency by the fradlion ^ ' ^"" J^' ""^ TSiefe £sve^ 

iral firaAicmSy therefore, multiplied into -r will be tfie v^t o£ 
<he given fum &t the fecond year, and may be caafilj fbioidrs 

S T'SJT ti/^dn a^'im o^/n , a'em a^in J dm 7dn , ..- 

• ixMBoer 
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manner the payment of the given fum in the third year will 
depend on the contingency of the fame number of events 
as In the iecond year; that is, it will, firil, depend oa the 
contingency of all the three lives dying in that year, A having 
died firft, B next, and C hft ; 2dly, on the contingency of 
B's dying in that particular year, C's living to the end of it, 
and A^s dying ia the firft or fecond years ; 3dly, on the con- 
tbgency of B*s dying after A in the third y«ar (both of them 
having furvived the two preceding years), and of C^& living 
to the end of that year ; and, 4thly, on the contingency of 
A^s dying in the firft or Second year^ and of B and C*s both 
^ying ia the third year, C having died laft« Thefe fevfe- 
nd contingencies are exprefled by the refpedive fradiontf 

^^" '^' '^' Coafcqueatly the falue of the fum S foe 
the tbrd year Will bc=5jpiX-g 6~+"V"-^V +' 




in the fame maniter the value of the fbm S for the fo urth 
year may be found «^-^ + — 5" - — T" ^"3 " "T~ "*" 

" i X "*■ a " a ' 

If either B or C be the oldeft of the three Kves, tbefe 
feries continued to the extremity of that life will cxprefs 

ihe whole value of the reverfion, which will be = — x 



G 2 «'+«'f 
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^if^;» T^ *T 6 ijifr «fc>. a*«-^ «*«♦ ' 



— V — ; T : — I + J — 2 T '*'^» T ~ X —7 1 -, — M- T 

2»- , abci ' fl*fr , aLet^ . 3, <»tfr «*«" 

■^^^+'^Z;^ '*"**^''^2r*^a^fr+ flic,* + aboi ^ '^^' 






In order to fum up the firft and Tecond of thefe feries let jS" 
reprefent the number of perfons living at the age of F, a 
perfon one year younger tKan B, and jc the nurriber of perfons* 
living at the age of K,' a peffon one year younger than C, 
Let EK, BC, AFK; aji4 ABC, reprefent .the. value of an^ 
annuity on the two and three joint lives of F and K, of B and 
C, of A, F and K, and of A^ B and C refpe^lively ; then 

W^U the feries g >^ ^.-^^tp + ^^z + &c > t?9 = ^^-^ ^. 

Sc a^a\hc dm a-^ a^'— a'\ dm a'dm in 



^fl-.*"" - ^.fl.»* "" ^tf„»»"r*flM^i 



fitr""' a&^r fiitt^- • rf«/* afiKt^'^fifcr^ mfi^ 



a!->ta" ..en « S • gx FK^AFK / S a'dm , a'-j-a'^^n 



a&nr^ 



^ S.gK KK^Al^K/ S c'dm , a'-\-a" .^n. - 

,&c. = _x— 5---(.g;:X_+_^-^, &c. 



S dm a—a!.dm , en a-^af^a 






en a-^a'-'U . en ^ \ S 



6r bcr abcr 

BC - ABC. The fum, therefore, of the two firft feries,. or of 



S a'bc . d'.dm , ^ S a'dm . a'^-a^.^n . -• . S 



g..nc-^AFK _^s^ X BC - ABC. Again, let P reprefent afifc oae 

year older than B, and let BK, PC, ABK, and APC, repre- 
sent the values of auuutties on the two and three joint lives of 

Band 
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B and K, P and C, A, Band K and of A, P and C: then 

the fum of the - third and fourth feries. or of - r x 

o 



-T" + 1-% + &c. - - X "7" + — T^ 1- &c« being = — -7- x 




Qcmr' *. 



Will be=^ - - X — X 7 . The fifth fe- 

be y h 

S a'S- af'em ^ . % P db e-^a'.a, tm 

ries, - X -, - + -7—1 +OCC., xs =: - x r x — — — 5 1- r-5 — 



= (putting FC and AFC for the values of the two and three 
joint lives of F and C and of A, F, and C)-| x ^^^^J^^ ^ 



£ ^ a'-\-a',fn ^^ ^^^ ^ therefore, of the fifth and ' 

3 

S /5.FC-AFC 

is = — X 7 

3 * 



fixthfenes,orof- ><^+;^ >&C'H^ >^^+-l ?^;3- + &c. 

/S a'm . a'-^a" .fn ^ ^SxJ 



«^ ^::V^ j6r ^ a^-^-,A ^^^ j^ -r dfenote a life one* 

bdr abdr ^ bdr' abdr^ ^ 

year older than C, and BT, and ABT denote thevaliics of thi& 
two and three joiiit lives of B and T and of A, B, and T, this:^ 

c J P'p A BT 

laft feries will be = gp x— — , and -coafequently the fum 

• /•!/•• •!! t S /? • 1*C— AFC , S 

of the fifth and fixth ferie» will bc = — x -j +g^ x,. 

i/.BT-ABT ^ Laftly, the feventh and eighth feries, or - 
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- X -r- + -r^ + &c. — — X -T- H — r- + &c. are « — - x' 



:77 



3 \br he mdr amdr ' mmT 



dm a~a' . dm tn a—a —a • en ^ ^^ S a en ^ a' + t/' .f t 

S 

3 

==^^'+te.=)| x=i^5^. wh«. PT .rf APT 

reprefent the values of the two and three joint lives of P and 
T, and of An P, and T. If thefe feveral cxprcffions be added togc- 

ther, &c. wc Ml atlaft have i^x^^^ii^~^-BK. - AKC 



S . ^ ST^ TSrT S . r— I i57> T^rx S . ffi 



+Lif j,FC- AFC-^^^ X BC - ABC-.^xPC-APC+ 

ii-^xBT-.ABT^ ^'^^J^ ^ for tfe© value of the ium S, 

when either B or C are the oldeft of the three lives^ 

In order to determine the value of the reverlion when the lifer 
of A is the ddeft of the three Uves^ fot j, t^ Uf Wf &c.be the num« 
her of perfons Bvmg at the end of the ifl:^ zd^ 3d,4th^ &c. years* 
from the age of A, and let y^ V'\f If'^ V''\ &€• be the depre- 
ments of life at the end of f ^ 2» 3, 4, &c. years from the age of 
B % theni, by reafeniog as above, the value of the fum S for ther 

firft year wUl be ex|reffcd by the fcries l^^il^^^S? +.; 
^i^i^lp^, for the feeond year by the fenes ^^* ■ fe;^^^^? ^\ 






by the fenes— .-^j^j;;^ +-__^^-^+ _-y_-^ + 

# ' 'Xh ' *"^ > ^^'^ ^*^ *"^ ^^ ^^ remaining years of A's life. 
Thefe;fcveralferiesmaybefound--i- x -^'-^^-f^^-i^ + 

'• - #p«r -3003 
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W3r^ A- J^V y'A sV'j bi"i ah'^i no'^i J^_ 

-. -7— — -r^ -. — ^ 4. — ^ 4. , &c. &c. Let Ob reprefent 

3 66 5~a^2 ^ 

the number of perfons living at the age of H^ a perfon 

one year younger than A ; let N denote, a perfon one year 

older than A^ and let the ieveral combinations BN, BNC, 

AB, &c. dettote^ as in the former cafe, the values of annuities 

on the joint lives of B and Ny of B, N and Q of A and B^ 

&c. ; then by praceedtng in the fam^ manner as in the fore- 

aVc sVd iV^'i 

going dcmonfllratioa the ferieS "7r: + "^3+""r;5+&c« n^ay 
befouud = ^kiirrHBr-^^^ti!^; theferies^^ + i^ 

. » ^ . Vdt V'tt V'fit . - AC -ABC $i , 

NT - NTB. There four feries, .therefore, fuppofing them all 

^ , • t^. ^.. « •.HK.-HBK , AK-ABK 

to be }>outive quantities are =— x + 4*; 

£xHC-HBG+^kAC-ABG-3^xNG-NBG-^x1 
AT^ABT_^«^-NB^^ ^j^ ^^^^^^ ^^ jj^ j^^ remaining 

2 

fe'i- ^+5?+i!? +&'"••«-> 5J+^.+5r. + «''•. 
thefo, it is ewdent, are to be <rontinued after the deceaiex)f A 
till the extin&ion of ^ jo»t Uyes ^f B and Cy and have 
becA already proved in the folutioa of the iecond problem 
)in my former Paper, to denote* the value of* the given fum 
jpayable if C ihould fiirvivc % Let this vlalue be repre> 

£enled 
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fented by R and the fum of the foregoing exprcffions (or 



- X ^ + + ^- X HC - HbC, &c.) by M, then 

will the value of the fum S (when A is the oldeft of the three 
lives) be = S X R^^^. Q. E. D. 

If, the three lives be equal, the value of the given fum for 

the firft year will be =» -^^^r^ + ^^, '^ =S x _+6^3^_|-^^ ; 
the value of the fame fum for the fecond year will besa^ 

^-^^-^ + ^; the value for the third year will be=: 

the extremity of life. Let CC and CCC denote the values of 
the two equdi and three equal joint lives, the fum of thefc 

fcries may thep befound = |. x -i + zCCC-3CC + 3'^^;:^^^^ 
t= (fuppofing the perpetuity, or -^^ to be denbtcd by V) 

1 X '^ X V-3.CC-2CCC. 

It muft be here remembered, that frorii other principles it is 
well known, that the number of years purchafe expreffing the 
value of an ejlate ox perpetual annuity to be entered upon at the 
failure of two out of any three equal lives is, ** the difference 
** between three times the values of two equal joint lives, and 
" twice the values of three elqual joint lives fubtrafted from 
•'the perpetuily,'' or. V-3CC-2CCC. The value, there- 
fore, of fuch a reverfion,. fuppofing it to depend on the failure 
of the three equal lives in any one particular order, is (fince 
2 there 



there arc fix fuch orders equally probable) 4. x V - 3CC - aCCC* 
But.it appears, from the corrc£lioii explained in Dn Price^s 
Treatife on Reverfibnarjr Payments, Vol. I. p. 34, that the 
value of a reverfionary fum is always lefs than the value 
of an equivalent reverfionary eftate in the proportioa of 
I to r. The fum being S the equivalent eftate or perpetual 
annuity is always Sxr— 1; and confequently the value of 
the fum S depending on the ceafing of three equal lives in any 
one particular order and thus determined, is the fame with 
that determined by the foregoing inveftigatiou, that is. 



- X -— X V - 3LC - 2CC. The inveftigation, therefore, is 

right, and the corredion and inveftigation demonftrate one 
another. 

But the foregoing exprefEon for determining the value of 
the reverfion in this particular ca(e is not only obtained imme- 
diately from the feries, but alfo from the two different rules 
which have been given for determining the value when the 
lives are unequal ; and hence a proof arifes of the truth of 
thefe rules, as well as of the reafoniog upon which they are 
fbuiKled. Thus the firft rule, fuppofihg the lives all equal, 

becomes ^ x g" -— r "^ 6 T ^ T" + 

X CK--CCK i CT-CCT , • y j i . 

-- X 7 — - — - X r — , and the fecond rule becomes 

c o cr o 



V-CC*/-i «* KK^CKK , Jd TT-CTT r-i CC-CCC 

2r f 3 r<: . r 3 r 3 

n CK-CCK d CT-CCT t i 1 j' . 

- - X h - X • Let the value according to 

* 3 i^ 3 

the firft rule be denoted by L, and the fecond rule will be » 

EL^v^Hii » 2L - iHLiC^^C - L\ Hcucc 3!.= 

Vol. LXXIX. H .-i 
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,-,.V CC-2.r ,.cc-ccc ,^^ jL = ^-Zi X V>-3CC-2CCC. 

Q. E. D. 

Were we poffefled of complete tables of the values of annui- 
ties on two and three joint lives, the preceding rules would give 
an eafy and exaft folution of this problem in all cafes. But 
as fuch tables, computed for every age, would be a work of 
immenfe difficulty, efpecially in regard to the values of three 
joint lives, Mr. Simpson's rule for approximating to thefe 
frorri the given values of the two joint lives, has hitherto been 
adopted, and it feems upon the whole to anfwer the purpofc 
very well. In the prefent problem it is attended with no other 
inconvenience than increafing the labour of the computations ; 
for the values of the reverfions derived from it appear in gene- 
ral to be perfedly correft. This is more fully afcertained by 
a table which Dr# Pmcfi has given in his Treatife on Rever- 
fionary Payments (Vol. II. Table 37,), of the values of three 
equal joint lives computed at 4 per cent, from thte probabilities 
of life at Northampton. By the affiftaucc of this table, 
when the lives are of the fan>e age, it is evident, from what 
has been already obferved, that the txz& value of the reverlioa 
may be eafily obtained. The. few following fpecimens com^^ 
puted from it, and compared with the values of the reverfions 
deduced from the firft and fecond of the preceding rules, de- 
monftrate the accuracy of thofe rules : for, notwithftandijng 
the approximated values of the three joints lives have been ufed 
in every inftance in which the rules have been employed, yet 
the refults approach fo near the truth, even in the laft ftages 
of life, when the decrements are moft irregular, that, though 
derived from thefe approximations, there can be little doubt of 
their correftnefs in almoft every other period of life. 

4 Commoa 
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Commonage. Exaa value ♦ of £, too. Value of £. i«o. com- Valne of >£. loo. computeil^ 

computed from Dr. Pk ic e*s puteil from tl c firfl of the from the fccooU of t)jc fore- 
Tables of the valves of two foregoing ruie% and from going rules, an4 fhfcn Mr, 
ai.d three c^ualjoinl lives. Mr. Simpson's approxi- Simpson's approximation to 
motion to tho values of ttioralue* of tlvvcjoJia 
tlu-ee joint lives. lives. 

70 - 12.000 - 12.005 - 12.000 

TS - J,2.944 . 12.943 . 12.943' 
80 - 13840 - 13.810 - 13.880 
85 - 14-450+ - 14-670 '- 14-340 
Mr. DoDsoN J, and Mr. Simpson §, are the only writers 
who have folved, or rather who have approximated to the 
folutioii of this problem. But the former, by. deducing his 
rules immediately from a wrong hypothefis, having rendered 

* That is, onc'/ixth part of the whole revetfion. 

t The feveral reverfions in this column, whea coinputed from 8zm?son^ 

approzimatioQ to the values of the three joint lives, are 12.012, 1^*9339 I3*847^t 

and 14*803 rerpe6tivel}r ; which upon the whole differing nearly as much from 

the real values as thofe in the two other columns afford a convincing proof, 

that the very fniall deviation' from the truth ui thefe latter values' proceeds aot 

from any inaccuracy in the rules themfelves, but folely from having ufed the 

approximated instead of the r^al values of the three joint lives.. And this aUfo 

will accoiint for the difference in the values by the firft and fecond nilea. W^e 

thofe values computed from tables which give the corredl values of two and three 

joint lives at all ages, they would come out cxa^lly the fame. In the two firft 

examples, where the values by one rule are true, it appears, that the values by 

the other rule are equally fo. In the two laft examples, where the values are not 

quite fo accurate, it may be obferved, that they differ as much in excefs by one 

ruk as they do in defeft 1^ the otlier; whith nuft in general be the cafe from 

the very natm"e of thofe rules; for if L (or the vahie by the firft rule) be 

pHTj . V— (ic 
greater than the truth, the difference between *- : and aL (or the 

value by the fecond rule) mufi be kfs than <ht truth; and, on the contrary^ if 
L be lefs, this difference will be greater than the truth. 

X See Dodson's Mathematical Repofitory, Vol. III. Quefiions 42^ 439 &&* 

§ See Simpson's Select Exercifes, Prob. 38. 

H 2 msft 



52 Mr. Morgan on SurvhorJhi^$. 

mod 0^ them (efpecially thofe in which three lives are con* 
cerned) of no ufe, it will be ^unneceflary to take notice of 
what he has done on the fubjeft. With regard to the latter, 
whofe T*Ic n not only the^folfe guide for determining the value 
of this reverHon, but alfo the fgurce from which a great va- 
riety of other problems are folved^ perhaps it may not be 
improper to exaiiiine how far his folution is to be depended 
upon ; jand the following^ examples have therefore been com- 
puted for this purpofe. 



Agt8 of 

C. B. 

80 70* 

15 65 

70 80 ' 

50 6s 

78" 78 

45 60 

60 45 



A. 

4d 

^5 
15 

4(4 

'5 

20 

11 
12 



TABLE U 

Vafuc, by Simpson's rule, of 
£* iOO« payable on the contiogeat 
reverfiOQ fpecified in this pro- 
blem, when eitb«r. C or B are el- 
defl^ according to the Northamp' 
ion Table and at 4 per cent. 

•f 1.926 

1.873 

2.090 

6.61s 

*' ^- — • ' 5.58'o 
2.583 

2.292 



Tfur value of the fame 

reverfion computed iroitt 

the firft rule in the f«re-i> 
going folution. 



M79 

1.032 

t.699 
6.117 
5.879 
1.982 

4.133 
1.686 



c. 
24 
65 
49 

j8 



Ages* 
B. 



24 

9 

78 



A. 

75 

75 
69 

78 



T A B- I. 3 lU 

Value of the fame reverfion- by 
SiMPtoN'i rule, when A it the 
otdeft of the three liret. 



34.636 
6.305 

7-351 
37-554 



True> value of the fame 
reverfion by the fecond rule 
in the foregoing folution. 

31.792 

7-895 
5.960 _ 

33.019 

TABLE 
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T Ax B L £ III. 

V^lueof thefame reverfionby SiHf* ^ True ynkm of.fht 
Common Age. son^s rule* when the ages of the fane reverfioo^ 

three live9 are equal. ... 

70 - - - ij-iO - - la.OQ '' 

75 - - M-98 - • 12*94 

80 - - 16.58 - . 13.84 

85 - - 17.86 . - 14,45 

By comparing the values in the preceding tables, Mr. Simp- 
son's rule appears in aloioft every inftance to be exceedingly 
incdrreft. Even when the lives are equal (lu which cafe it 
might have been expeded to be fufficiently accurate) it fdems 
to deviate, in old age at leaft, fo widely from the truth as to 
be unfit for ufe. When C or B are eldeft (which,, however, 
is a cafe that does not often occur), the rcfults; fomeiimes 
exceed the truth one^balf^ and generally by more than one- 
third of the real value* When A is the oldeft of the three 
lives (which is the moft common cafe) thefe refults are erro- 
neous in nearly an equal degree. Nay, in fome cafes, Mr. 
Simpson's rule is not only wrong but abfurd. Thus, in the 
laft example in the fecohd table, the value of ^. 100. payable 
on the contingency of C aged 18 furviving B aged 7? 
after A aged 78*, is by this rule rr^f. 37.554. The value, 
therefore, of the fame fum on the contingency of C's furviv- 
ing A after B is alfo ^. 37.554. Hence the value of ^. 100. 
on the contingency of Cs furviving A and B (without the 
reftridion of one dying before the other) is 2x37.554 = 
jT. 75.108*. By another rule of Mr, Simpson +, the value .^ 
* See Simpson's ScUft Exercifes, Prpb. 39. t Ibid, Prob. 32. 

of 
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of ^. I GO, on the contingency of C*s furviving B only, is no 
more than £. 74*. Now it is fe!f-evident, that this latter 
value, inftead of being /j/}, ought to have been greater than 
the former, inafnxuch as the probability of C*s furviving only 
one life muft bo greater than that of his furviving two lives. 

Many additional inftances might be produced in which this 
rule, being made the bafis upon which the folutions of other 
problems arc founded, leads to Conclufions equally erroneous. 
But thefe enquiries would be improper here; and I fhall 
only obferve, that had the foregoing examples been con^puted 
from the Sweden or London, inftead of the North Aivfp- 
TON Table, this rule would have appeared to be ftill more in-» 
correft than it does from thofe computations. 

When Mr. Simpson wrote his Seledt Exercifes, he was in a 
great meafure obliged to have recourfe tp De Moivre's hypo- 
thelis, for want of thofe excellent tables of the real probabi* 
lities of life^ and alfo of the values of Single and joint lives 
which have been fince publilhed. Had be been pofleifed of 
thefe, it is moft likely that his fuperior abilities would have 
directed him to a more accurate method of iaveftigatioa* At 
prefent there can be no juft reafon for ever recurring to this 
wretched hypothefis. The folutious of all cafes of two a&d 
even of three lives may be efFcfled without much difficulty 
from principles ftriftly true. But I muft here take my leave 
of this fubje^fl, hoping that its importance may engage othn 
mathematicians to the further profecution of it. 

• The true values arc JT. 66.038) and £, 74.884. rcfpcaively. 
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VI. Refiilt of Calculations of the Obfervations made at variouf 
Flaces of the Eclipfe of the Sun^ nohicb happened on June 3, 
1788. By the Rev. Jofeph Piazzi,C. R* Profejfor of Aflrbnomy 
in the Vniverfity of Palermo ; communicated iy Ncvil Mafike- 
lync, D. D. F. R. S. and AJironomer RoyaL 



Read January 15, 1789* 

TO PE^ MASJi:S£.YN£> 
SIR, 

THE fatis^ftion I had in obfcrving the eclipfe of the fun 
on the third of June laft, with you and M. d'Arquier, 
at Greenwich, induces me to give you an account of the ufe 
made of the obfervations, and the confcquences 1 have drawn 
from themu Th6 obfervations which I have collefled con« 
ceming the fame ecHpfe, and which were made in other 
places, contribute to the ezteniivenefs of my calculations, and 
to determine the pofition of certain places, which had not 
been before accurately determined, as that of Dublin, that of 
Mitau in Courland, and Perinaldo in Italy. The longitudes 
of all the other places muft be referred to that of the Royal 
Obfervatory at Greenwich, as being the firft in Europe, and 
becaufe the obfervations which you have made in it, are by 
far muore accurate than any others made elfewhere. 

The: 
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' The refult of theobfervation at Greenwich is confirmed in the 
moft fatisfaftory manner by the obfervations of Oxford and Loam- 
pit-Hi]!, which Dr,HoRNSBY and Mr. Aubert have done me 
the honour to communicate to me, Thefe three obfervations 
perfectly agree in the latitude of the moon ; whence it follows, 
that the duration of the eclipfe was juftly obferved. And 
whereas the difference of longitude for Oxford, as determined 
by thefe obfervations, is only one fecond, and that of Loam- 
pit- Hill only two feconds, different from that which had been 
determined by means of the bcft time-keepers and other moft 
exa^ obfervations, it follows, that thefe three obfervations 
naay be confidered as a fingle one, having a treble degree of 
accuracy. In effeft, if the moment of conjundion found for 
Oxford and Loampit-Hill be reduced to the meridian of Green- 
wich, by adding to the latter 5'^4, and to the former 5' d\ 
and a mean be taken, it will appear, that this mean differs 
only by 0,6 of a fecond from the conjun^ion deduce^ from 
the obfervation made at Greenwich oi>ly« This alfo clearly 
proves, that the eclipfes of the fun, when accurately obierved, 
give nearly the fame exadnefs as the occiUtattons of the ftars^ 
which from their nature are ooniidered as the moft exad* 

The obferVation made at Dublin deferves our greateft attention, 
particularly fince the eftabliflimont of a very excellent obferva- 
tory there. Dr. Ussheh confefles, that the longitude of that 
city has not been cxaflly determined (fee theTranfadipns of the 
Royal Irifli Academy for the year 1787, p. 86.). He fuppofes 
the longitude of Dublin to be 24.^ 58''' W. which he determined 
by means of a time-keeper, which Mr. Arnold happened to take 
with him to that city ; whereas 1 find it to be 25^ i3'%4- Thi^ 
my determination 1 believe not to leave the uncertainty of two 

feconds ; 
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feconds, becaufe the latitude of the moon deduced from the 
obfervation is the fame with that of Greenwich. 

The obfervation of Mitau is likewife very intereiling; it 
(hews the fituation of a diftant country, where no obfervation 
had been made before M. Beitlbr eftabliChed an obfcrvator^ 
there. The obfervation of this able aftronomer is of fuch ' 
corrednefsy that it furniflies the fame latitude of the moon as 
the preceding ones ; confequently the difference of the meri- 
diaHS^ which I thence deduce, may be confidered to be as exad: 
as that of Dublin. The difiereuce is i h. 3V SA^^ E^ which 
becomes of the greater importance to geography, becaufe from 
Pomerania to Peteriburg no one point had been accurately 
determined before. 

The pofition of Berlin has been already determined hy means 
of fome eclipfes ; but the refults do not agree. The difference 
of 53^ 32^^ which I* have deduced, not only agrees exadly 
with that mentioned in Vol. IV. of M. de la Landers Aftro- 
nomy, and which this famous aftronomer had deduced from the 
occultation of Antares obferved by himfelf ia the year 1 749 ; 
but it alfo comes fb near to the longitude mentioned by MeiT. 
LsxfiLL and Bernoulli, in the Ephemeris of Berlin, as not 
to differ by more than two feconds. 

The obfervation of Vienna gives for the difference of the 
meridians i h. 5^ 31^^ Though this determination differs but 
1^^ from that found in the Almanack of Milan, and in the 
RequiJite^TableSj yet the obfervations of the two phafes had not 
been' veiy accurately made. . 

Perinaldo in Italy is a place whofc pofition has not been as 
yet well determined. The tables requifite for the Nautical 
Ephemeris lay down this place at 30^ 40'^ to the Eaft of Green* 
wich ; fome place it at 30^ 20 ^^ The obfervation made by 

Vol. LXXIX. I M. 



VL MaralpI^ nephew of the B%m Acad&ookttii^ vibudi i 
have by me, ^gm^y/ 55^^ £• fiK the dsffbiSBca of thft nKiit» 
«lans^ and this mvf be unfideiied asil&e bed b]ftboft»kmiiiflD# 

The obiervsMoiis mack at Mlaa^ fay the aAroacHBeis nt 
CesaX£9 and AE^iag^iOf were kuerropted \xf intejnnaiiing-doiids^ 
In; fadt the latitude ^ the «noea in- cooj«ad:iott cornea out tmHf 
e^ual4» I V 3 3^% whkb ftowx that the. 4uraCuxii of aha ectipfo 
wn BoC praperljr obienmL I have thenoe alia cakohls^ bb^ 
«oojuB6uoa fepaiately for the begiaiiiiig and for the end ^ the 
«:lipie, and Thave fbund^ut the ^fialSowing &dc^ mtri^ 

^dians, WKr fof the k^naiiig 36^ S^^^v^^t* ^^d for the end 
56^ 38^"" ; aiHi foe Cte ett4 3»^^ b^inimig ^eenjoiotly 36^ 37^^; 
Thislaft difference comes neareft to that mentkmedia theMiba 
Epheneris ibr ^m year 1789, whdch i& 36^ 4l^<. The c^er- 
nation laade at Bologna affigns 45^ aX^ £> &r ^ dsfef eace of 
the ineridians. But the duratioa of the edipie was not pro* 
perly obferved. ilowevef , notwithftanding tins iinperfsdioii^ 
'iz may happen that the lefult detennined is exad. 

'The two ^hiervatioiis of France^ viz. that of Vwiefs, aod 
that of Rouen, give almoft the iarae difference which i find ia 
the Re(|ui(ile Tables; that of Rouen difiering only 1^^ mA 
that of Viviers z'\ As the di&rence of the mcfidians between 
Paris and Rouen is known with the gceafeefl: {Hiecifion to bo 
4^ 57^^ to the W«,0f Paris; if to this difiecence ajre added 
V 22''%3f which is the dififeience I found betwemRouen^and 
Greenwich^ there will refuk, for the dil&rence of the meri^ 
dians between the Cbfervatory of Greenwidb ^ukI 'Pam^ 
St 1 9''\^ This difl&rence only difiera by ^'\y isom that efta- 
bliihed by Dr. h%AS^B,Y^ which^ is 9^ 7jo'\ as adapted by 
jwtkli^ and lately confirmed by Majov^ge oeml Rev. 

The. 



't'ftifeoMwvttionB of Loampk-Hai, Qreenwichi and Oxford, 
as the/ feire for the bafis of all my cakulaiions, I have calcn* 
lated them two ^i^Sbfent ways, w%. hy the method of paraU 
k^ic angleS) and by the method of the nonagefitnal, and the 
lefuhs agreed together within a few tentlia of d fecond. By 
thefe two different methods I have allfo calculated the obferva* 
tions of VieniiB, Berlm, and Vivbrs, in ordpr to Aew« that 
the iffifl^fent latitudes -of the moon, given by the various dbler-* 
vatioiis, were not ewkig to aoy error in my c»kulatioBs. For 
fhe(e places, in whidi both the beginning and the end of the 
eclipTe iiad been obfeived, i have -deduced the time of con^ 
jttndion from the two fihafes conjointly, vWhieh have alfo givea 
the dttratioQ ef tSie ed^, which cannot be ^obtained from a 
fing^e ob!(ervatiofi. ' 

The «rror trf* the tables which reAdtk Imm the obfefvation at 
Greenwich is +26''^ in longitude, and 4-ii^»5 m latitude, at 
20 h. 5S'' 4/^»3*of appatemt timo, taking for the icmgilude of 
the fim ^*^ 14^ i^^54'^97» ^ I ^duce ftom fhe Nauticdl 
Almanack, and that of the moon at the fame time to be greater 
than the fun by dV'^ as deduced from the fame Almanack. I 
iuppi^ ^fb the horary motion of the moon in the ecliptic, hy 
t^ingitan hdf hour before and after the conjunAion, to bA 
3^^ 52^^4'0^^^6 for the hour following the conjunction, and 
/^</\6 for the hour preceding the conjunflion ; the inoon'^ 
horary motion in latitude is 3^ ^i^^^^S ; the horizontd parallax of 
tine moon minus that of the fun at Greenwich, to be 6q^ i4^^4 
for the commencement of the ecHpfe, and 60^ i6'''',4 for tho 
end; the fun's diameter 31'' 34'''',6, lefs by 3^^ than that given 
in the Almanack, according to the correftion which you bav« 
found neceffary to be made ; (he mbon's dimneter I ha^ ftated 
its in the Almanack. In the opinion of M. D£ la JLande, ^ 

I 2 fome 
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ibme corrediori oughc to be mad6 to the parallax andto the dia- 
meter of the moon, as well as to the diameter of the fun ; btit 
on the one band this would not make any alteration in the 
ditlerence of the meridians which I haVe found ; and on the 
other I thought proper to make ufe of thofc • elements thn 
Nautical Almanack furnifhed me with, that being a work the 
moft perfedl of the kind that ever appeared, and to which all 
aftronomers and navigators ought to pay the greatefi attention. 

In fine, I compared the moon's longitude in cfonjun£tion ^ 
deduced from the eclipie with the new^ tables of the moor 
correded by Mn* Mason, and found the longitude by thofe 
tables to be 2 s. 14" if 6^^4, and the latitude to be 15^ ^^^3* 
The error then of the new Tables is + 1 1^^,7 in longitude, and 
+ I3''^I in latitude; but M. de la Lande having lately fent 
to me from Paris the place of the fun, calculated with the 
new Solar Tables (a moft ufeful improvement which M. jm 
Lamb&e has, with much bgenuity, deduced from your obfer- 
vations) I find the error in longitude to be +27'''',4, the fun*s 
place being 2S. 14° 16^ 39 ^^ at aoh. 58^ \f\3* 

The following table contains the obfervations of the eclipfe^ 
and the refults deduced from thence. The firft vertical column 
ihews the name and place of the obfervers ; the two next ver- 
tical columns contain all thofe obiervations which have been 
made> in apparent time ; the other columns (hew the refults^ 
viz. the fourth column, contains the true conjunftidn in appa- 
rent time ; the fifth column contains the longitude of the 
moon in conjunftion, . which being always the fame, needs 
not to be repeated under every perpendicular column ; the fixth 
column contains the latitude of the moon, which, as^ it depends 
upon the manner of obferving the two phafes, b fubjcft to 
2 fome 
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fbme ^arie^ ; tb^ ieveath or laft goIuoiq cootsuas the difierence 
between th^ various meridians and that of Greenwich. 

This, S)r» ia brief, is the refylt which I have been able to 
deduce from the various obfervations above mentioned, and 
which I intirely fubmit to your judgement. If you think that 
it deferves ta be made public, and in that cafe would be plealed 
tQ..prefeut this Paper to the Royal Society, I (hall efteem 
myfelf extremely honoured and obliged by it. 

I have the honour to be, &c. 

JOSEPH PIAZZI- 
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Table of Att Dbfervatbbv maA: it Tacriau« ptacei en the ^cKpfe trfthe fan, ^^dneh hsppeiraC 
Jung 3» lySfil, aid ^ t^ftilf ikdiiged from the fy . 



Beginning, 



ISnd, ' ConjunOton:. 



Longitude of the Latitude 
moon in con- in con- 
jundtOB. juoiftioft 



Differenoe of 
meridians. 



^ Greenwich, 
Cr, MaskB' 

LYVS. 



19 tt4 4^,5 



21 I 24,0 



I 
^o s8 47»3; 



Loatnpit- 

Hill, Mr. 

AURERT. 



19 24 41^ 



21 I aojj 



Oxford, Dr. 

H9RN8BY. 



99 no .36,1' 



20 54 40,0 



Dublin, Dr. 

USSHE&« 



«9 5 46,5 



» 



*4 48.2 



20 58 44,r 



14 48,^ 



3.aW 



20 SJ 4*.a 



14 48,7 



5 ifiW 



20 27 42,1 2a 33 33,9 



Mittan^ M. 

BSXTLER. 



21 20 15,0 



23 8 52,0 



Berlin, M« 
Bode. 



20 23 9,0 



22 14 32,0 



VieBoay 

M. Tries- 
neker. 



20 25 49,0 



22 32 405,0 



Viviers, 
M, Flau- 

GERGUAS. 



19 a6 38,0 



21 25 41,0 



PerinaldOyM. 
Maraldi 



>9 37 50tO 



Rouen, M. 
Du Laone. 



21 7 i5>o 



Milan,^ MeC 
Z)E Cesarxs 
andREOGio. 

Bologna, M. 
Mattewcci. 



19 48 23,0 



19 55 »o>5 



21 SI i4>o 



22 3 45>S 



Padua, 
M. Chimi- 

JIELLO. I19 



14 48,3 



25 i3»4W 



" 33 4r>S 



14 48,7 



I 34 54,2E 



21 52 20r3 



H 44»2 



o 53 33E 



22 4 18,8 



2 14 j6 S4,7 



14 39»o 



I 5 3ii5E^ 



21 17 29|0 



H 33^0 



18 4it7E 



21 29 40 



30 5},oE 



21 3 9,6 



4 22,3E 



21 35 24,7 



21 44 15*3 



59 20>^ 



22 6 58,o|2i 46 21,31 



H 32>o 



H 3^o 



IH 39>c 



36 3754E 



45 28E 



47 34^ 



POSTSCRIP T. 

I 

IN the month of Fdbiiarjr laft, I was favoured by Count 
D£ Beuhl with the obfervatjon of the eclipfe of the 4th of 
Juae laft, made at Warfaw by M. Bystbzyski ; about the 
fame tinae I alio received of M. de la Lanoe fome other ob(er- 
vations of the faroe eclipfe« viz^ thofe made at Prague, Ma^- 
feiUeSf Crefmm^fler, and Bagdad ia MeibpQtaiai^i^ which I 
inamediately calculated, in ordei to add thena to the others^ 
which Du Maskeltne. lately did (oe^the honouf of prefent* 
ing to the Royal Society. 

The ohfervatioQ .«f Marfeilles confirnas in the beft miu^uer 
the difference of meridians fet down in the Req^uijite Tai/es^ 
differing from that only by a fecond. The obfervation of 
Warfaw gives a difference ten feconds greater^ and that of 
CrefiDttonfter fourteen ieconds leTs; which differences ought 
not to farpriae us, confidering the obfervations upon which 
the longitttdea of thefe tdvo places had been eAabliihed; but, 
on the other hand, the obfervation of Prague clearly proves* 
that die fituafeion of that town had beea much lefs accurately 
determined than one might have ^xpeded^ The time for the 
GOBJuiiQioa, which refuks from tUs obieivation, is the very 
fame as that vi^ich is deduced by M. Gsrstner^s new jnethod,. 
defcribed in the Berlin Ephemeria for the year 1791,. p. 2^43. 
Froax this time of couJundiQa the diffegeace of meridians* 
comes out equal to 57^ A^f^^J^ 'oiz. one minute and feventeea 
ieconds lefa that that of the Req^uifite TaUea^ 

The calculation of the obfervation made -at Bagdat feems to» 

indicate that there is fome ouilake with regard to the end of 

the eclipfe, having found, that 1^ difference of apparent Ion- 

1 gitude 
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gitude at the end is 20^^ greater than the fum of the femi- 
diameters of the fun and moon, increafed in proportion of the 
apparent altitude of the moon : for this reaibn I do not give the 
moon*s latitude in conjunftion. As for the time of the con- 
junftion, I deduce it both from the two phafcs together, and 
from the commencement only, having previoufly corre£ted 
the moon's latitude of the error which I difcovered in the 
tables, viz. 1 1'',6. The time of conjunftion which refults 
from the firft calculation is 23 h. 56^ 11'^; that which refults 
from the fecond 23 h. 56' 16''^: this laft nearly agrees in the 
difTerence of meridians with the Ephemeris of Paris for the 
year 1789, and differs from the Requifite Tables by 2^ 32^^ 

The following table reprefents, as the firft, the obfervations 
and the refults. 



i 


Beginning. 

r. 


End. 


Conjunction. 


Longitude. 


Lati. 
tude. 


Difference 

of 
meridians. 


Warfaw, M. 
EyiTRZYaxi 


20 56 4S 


aa 57 33 


aa aa 59,3 




1444 


I 24 la . 


Prague, M. 

STRNAD*r# - 


20 7,i'%g 


Z2 21 Ij 


ai j6 30 




1445 


57 42.7 


Marfeilles.M. 
Bernard. 


' I • 
19 a6 42 


21 29 23,5 


ai 20 17,5 




14 40 


21 30,2 


Crcfmunftcr, 
M. FixL- 

MILLNER. 


20 15 20 


22 19 50,7 


2» 54 59 




H 23 


56 11,7 


Bagdad, M. 
DE Beau- 
champ. 


22 30 51 


23 26 19 


^^ 56 IX 




# 


a 57 23,7 
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yiL An Account of a bituminous Lake or Plain tn the TJtan^of 
Trinidad. By Mr. Alexander Anderfon ; communicated by 
Sir Jofcph Banks, Bart. P. R. S. 



Read February ipt 17 89* 

AMOST remarkable produAlon of nature in the tfland of 
Trinidad, is a bituminous lake, or rather plain, known 
by the name of Tar Lake; by the French called La Bray, from 
the refemblance to, and anfwering the intention of, (hip pitch. 
It lies in the leeward fide of the ifland, about half*way from 
the Bocas to the (buth end, where the Mangrove fwimps ace 
interrupted by the fand-banks and hills i and on a point of 
land which extends into the Tea about two miles, exadly oppo* 
fice to the high mountains of Paria, on the north fide of the 
Gulf. 

This cape, or head- land, is about fifty feet above the level of 
the fea, and is the greateft elevation of land on this fide of the 
ifland. From the fea it appears a mafs of black vitrified rocks ; 
hut, on a dole examination, it is found a compofition of bitu* 
minous fcortas, vitrified faod, and earth, cemented together;, 
in fbme parts beds of cinders only are found. la approaching 
this Cape, there is a ilrong fulphureous fniell, fometimes difa* 
greeable. This fmell is prevalent in many parts of the ground 
to the diftance of eight or ten miles from it« 

This point of land is about two miles broad, and on the 
eaft and weft fideSf from the diftance of about half a nuie 
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froiQ(tk4ife«^fCall9:MfJth agepile declivity to it, and i% joloed 
to t)»e^3Mii\ Igndonlthe foutb by the continuation of the Man- 
'grovie iiw^pi0^/fa.^'at th^ bituminous plain is^op the bigh^i^ 
par^ ftf :it, and only- feparated from the fea by , a margia ,oi 
wood which furrounds it, and preivents a didant.profped of it. 
Jt$ iitimtlpn is (imilar to > Savannah, and, like them, it is not 
feen till treading tipon its verge. Its colour, and even furface, 
prefent at firft the afpedt of a lake of water ; but I imagine it 
got the appellation ef Lake \vben ittn m the hot and dry wea* 
iher, at which time its furface to the 4cpth of an inch is 
liquid, aiid tlieu Uoaa its coheii^e quality it cannot be walked 
upon. 

Ic iaof a Gircukr form, and I fappofe about three milea ia 
GircttinfeM&ce^ At my iii^ft approach it appeared a plasie, as 
fmooch' as glaisr excepting fome fmall clumps of ikrubs and 
dwarfmrcefi that' had takeft pofieflion of tooa^ fpots of it; 
but when 1 had proceeded fome yards on it, I foutid it divided 
into areola ef di^rent fizes and (hapes: the cha&us or divi* 
fions anafiomofed through every part of it ; the fur&ce of the^ 
areolae perfedly horizontal and fmooth; the margins unda- 
kted, each undulation enbrged to the bottom till they join^ 
the of^poiile.. On the furlace the margin or firll luoddulation isi. 
diftant fpqm jhe ^poiite from four to (ix feet, and the bmc 
depth befwe they coalefce ; but where the angles of the aveola& 
oppole^ ti|e: cha(m6^ or ramifications aie wider and deepec;. 
When I was at it, all thefe chafm& were full of wafcer^ the- 
whole ^ming QiW true horizontal plaiie^ which vendbred my 
ifivefHgatiofi of it difficult and tedious,, being, neceflicated tcb 
plungi into the water a gneat dept)^ in paffing fi^om? one areolo.^ 
toanothen The triieft idqa that can beibnnedof itsiiirface 
will be fkom. the aceohe aod their ramifications on the back oSt 

4 a^tuxilc.. 



i ttlJtIe; In mor* cortmon qonfiiVence ftod appearaiKt is that 
of pit^coal, the colour father greyer. It l^reaks into fhiall 
fragments, of a cellular appearance and glofiy, with i number of 
minute and fhining particles interfperfed tbi^gh itsf fubftahce ; 
It is very friable, and^ when liquid, is of a ]ct black eoloun 
Some parts of the furface are covered with a thin and brittle 
fcoria> a little elevated. 

As to its depth, I ca» form no idea of it ; for in ik> part couM 
I find a fubftratum of any other fubftance; in'fome party '1 
found calcined earth mixed with it. '' ' 

Although I fmelt lulphur very ftrong on' pafflng/ovef 
many parts of it, I could difcoverno^ appearance of it^ or any 
rent or crack through which the fteams might ilSiie ; pfobabl/ 
it was from fome parts of the adjacent woods : for although ibfU 
phur is the bafis of this bitumrnous matter, yet the fmells artf 
very different, and eafily diftingiriih^d, ; for its 'fmell conies th« 
tiear^Ar to that of pitch of any thing I knows I' could maktf 
no imprefllon on Its fur^ice without an axe: 'at the depths of a 
foot I found it a little foftep, with an oily appearancdf in fmall 
<ietls« A little of it held to a burnrhg candle makes, a hifDdg 
or cracking noife like nitre, emitting feiaH fparks with" a vivid 
flame, which extingoidies the moiiient the candle is- removed; 
A piece put in the Kfre will boil upa long time^ithout faihingf 
inuch (Mminution : itfter a long timers fevere heat; thle^ fur&ccf 
will burn .and form a thin fcoria, under which the red" rfeniaint^ 
fiquid. Heat (eems Hot to render it Auid,c or occupy^ a larger' 
fpaee tha^ when cold ; fooih whic^v I imaghe^ ;tiie(«*is foul * 
Kttlealteration on it during the diy mojttths, as the fol^rays^* 
cannot e»ft their forqe abbvo an inch below th* fitrfitce. f 
wa;S told by ohe Prenchmati, that ia tfee dry feafon the whole 
wa9 an ii^form fmooth mafs ; and by another, that the ravins 
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•PM«i|i^MilHrfit Ibr vdk iuiingi ibe 3ictr^ liut !iHlitber>«nf I 
bteliere : for if« sceondiiig to*libe AA: itfbftfttiy l^ivttip^ JK»n0«et 
g^n^^Vf^moiiiVy i(«BiMbiogi.saoroHthlaajm9iiiaitei^l ^cMfe «iiift 
affe^. jf 9; to giye it tiaftipcdbkt/ai^mniB^esf^ iMnf^itfaMt ^Ibttie ' 
li^^m c»\^ €«fi ihe: ^i)d be geasltcdiy 'iAlthoogkJtbai hej^s 
t^m^of tb^ic.rMDidediGbMUidA ti4i»i«i. iiot ^of^iabib^ion; jtt^ 
frofp i^ictr opcd.expQfutei anidiiobkckfMfgcciof •h^icHrtt 
Mnt:p#r9i ^y^fomiQfi miHk.gQiwn afmau>gvX}alc^< atidaflioit * 
tioMii^f 4ry w^^er muft ii»9ii)jra^t)r>tfa^ini^ nac fwtncfae' 
fituafK}iiau4 Arv^ureof theplaoeb tkcw 9 poiEbilitjrjDf ifipp^,; 
but; from, tbfs ck)U(ki» • ToAiqw tfaao the pcogrefs q£ cvaposarioa I 
IS: iptAUA$iy44y .q^icic bere, a| j^.tinie L.vifited it^ tbers:: 
w^eK,«Ki:RIK.9iV«i[ftg% tWOttbif4i9f ^IB^ time incefi&fU xmrtmd^^ 
of ]:^j.ibi|tff^»in- the afternoon (J}ettig{ jdry»^^vwatt:h /a 'gemle : 
bfec;^ (if ifiig^W^^^Uy .U»e ci^ diiriog] tbe mHyiik^kCon. it> tbi» : 
ifi^ud^ fh^ipr t^idtJ^Hy was au> eqp^librkiQS' betwcasn Hie;: 
|a^;^td (|ye .evaporation ;.. for in :itbe oouffe of tbfos days I * 
£iwili,twic9,)9nd p^rceivsd do alteration on th« height of the . 
Wdffifil^flqfiiif^ji,9^tht£or it but by evaporatioii. 

4 (^^ t)v^^WIMnous fubftance to be the bkumm afpbakuw^ 
\j^f^i^^ A;jg?ntJie b^t renders it^dudUe; hence, mixed 
yi)^ a Xfix\t gfj^aic; or pomcnou. pitch, i£ is much uied for the 
bp^tpn^s of (bip^^ and for which intention it is^ colle£led hj 
nany,. and I Should conceive it a prefervatlve again£t the Borerj^ 
ib.deAru^tiye.to-ihips in this part of the world- 

Sefides this place, where it is found in this ibli^i^ate^ it ift 

fi)Und;li(y]id in many parts of the wood^ \, and at the dtftaqce 

. of twcAty rallies from this* about two inches* thicks, round holeSr 

of ^tbce^ or four inches diameter, and often at cmeks or rents* 

This;fjk;Conilj^)tly liquid,, and fmelkfirongei: of tar than when. 

: . induratqi^ 






aFgiHaecouti foilrt: iftKC \iA»leJe^asflibgl9» &rtfl*,^«>lik^ is alMrays'^ 
thecal vJbiece ihat aMaii7.folpbi3RiMkjpardcbftiiWit;^ tB)^iy) 
part of the coUDtf7;^itoxhedi(Va(BU:bx^^ thTrt7;>»)t)es:totttidy fa^- 
evMji. appearance . o^ bchig? fofiUBdr:b3r C0iiVCilf«)ntf of lAtitre^ 
ffloiii iitibtercaaeotts fires, la {wttil pztu of ^ Wd^ ait hM^ 
fpriiygsj; feme I tried^ witii ^ i^li gradu^»dl thermomtiter t!)!^^ 
FahhxnhbxTs were 20"" add 22^ ^botteri then «the ^tmofi^here^ 
at tht tioie of trbU From its f>olkion' to thefti, llib part bf the ' 
iflaad.has certaii^ly experienced the effe^s of Hitf i^kani^erCipV*^ 
tiotiSt which have heaped up thofeprodigioy^ttKlfle^'olf ^dun*^^ 
tsBos that terminace ^e province of Parid on* t^eintirtK>;')ifid^ 
no ilouht thew has beeo^ and ftili pirofoably k, •i^^tttito^niddtioii'' 
between tfaem« One of thefe taoilntains op^bftte tb iLz'Biisy ^ 
in Trinidad, about thirty miles diflant, has every aplpear* ' 
ance of a volcamc mountain : however, the Volcanic efibirts 
have been very weak here, as no trace of them extend above 
two miles from . the fea in this part of the* ifland^ and tlie 
greater part c^ it has had its origin from a very different caufe 
to that of volcanos; but they have certainly laid the fouuda«* ' 
tion of It, as is evident from the high ridge of mountains ' 
which ^ furrounds its windward (ide to proteA it from the 
depredations of the oceab> and is its only barrier againfl that 
over-powertng element, and may properly be called the fkeletoa ' * 
of the ifland* 

From every^ examination I have made, I find the whole ' 
iilaod formed of an argillaceous earth, either in itS'^primitive * 
ftate^ or under its different metaAiorphofes# The baies of the 

mountains 
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tnountaitts ^tc compofed of febjftus argtllactus and taknm tith$^ 
mar go ; but the plaius or low- lands remaining nearly in the 
fame moift ftate as at its formation, the component particles 
have not expwenced the vicrffitudcs of nature fo much as 
the niore elevated parts, confcquentljp retain more of their pri- 
mitive forms and properties. As argillaceous earth is formed 
from the fediment of the Ocean, from the iituation of Trini^- 
dad to the Continent, its formation is eafilj accounted for, 
granting firft the formation of the ridge of mountains that 
bound its windward fide, and the high mountains on tlie Con- 
tinent that nearly join it : for the great influx of currents into 
the Gulf of Paria from the coafts of Brazil and Andalufia 
mufl bring a vaft quantity of light earthy particles from the 
mouths of the numerous lai^c rivers which traverfc thefe parts 
of the Continent ; but the currents being repelled by tfiele ridgei 
of mountains, eddies and fmooth water will be produced where 
they meet and ojjpofe, and therefore the earthy particles would 

fubfide, and form banks of mud, and by frefh accumulations 

J.I 

added would foon form dry land ; and from theffc eaufbs it ts 
eviident fuch a trafl: of country as Trinidad muft be formed* 
But thefe caufes flill exifl, and the eSe£l from them b evident ; 
for the ifland is daily growing on the leeward fide, as may be 
feen.from the mud-beds that extend a great way into theOulf; 
and there conflaatly increale. But from the great influx from 
the Ocean at the fouth end of the ifland, and its egtefs to thii 
Atlantic again, through the Bocas, a channel miifl ever exif! 
between the Continent and Tmidad. ' 
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Vm. Ah Ace&unt if a. particular Change of Si ruciure in ike 
human Ooarium^ By Matthew BailHe, M. D. ; comtnuni^ 
eatedhy Joho Hunter, Efq. P. k.S. 



Read February ?6, 1 789. 

TH£ ovaiia in tvotnen are fubjed); to a great variety of 
chafiges from their natMa^ ftrud:\ire. Many of tliei^ 
are exa^ly (inHlar to what take place in other parts of the 
body ;« but there is one whicb feems peculiar to them, the 
nature of which has probably not been hitherto very weUi 
affeeFtained The change of ftruAure to which I allude, is a> 
oonveriion of the iMitunil fubftance o£ an.ovsriidm into a fatty 
mdisj intermixed wtth> hdir and teeth*. This fort of change is 
rftre, akhough \t occurs fufiiciently often to have been ieet) by* 
nioft perfons whd are very converfant ia the exjuntnatbn of 
dead bddies» There are many cafes of it relateditt the different 
books- of dififedions^ butr as far as I have difcovered, moft com* 
moaly withottt any i emarks upon the mode of formation ^ s or 
they have ^n ccN^fidered as vety imperfe£fc attempts at the^r 

**]t bas bMi the opioioaof foine,, that hair,, teeth,, natlfti fcathcn, &c. are 
aaimal vegptabIe9>Qr plaatf j and, agreeably to thia Qpinion, Dr. Tyson conficlerr 
the growth of hair and teeth in the ovarium as a lujys naiura^ where Haruie 
rndeavouri to prodtictf ibmething, abd'heiTtg difappointed in fbitnidg an anbila^ 
ptodncev a ^ve^ptiiblc^ IRde Rboke^f L^ftOMs aad Coltefiion, N^ II. j«. ii* 

: growth- 
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growth of % ibetus lii the ovarium^ in couiequence of connexion 
between a male and a female. This conjecture refts no doubt on 
ilrongcircumftances of probability, andyet there are many power* 
fui reafons which ieem to oppofe its being well founded. Gene« 
Vation is a procefs always depending on the action of a certain 
cauie, viz. the ufual conneflion between a male and a female ; 
and, when efie£lt fimilar to thoie in generation are perceived, it 
becomes very natural to conclude, that this caufe has been 
employed. The bias to fach an opinion will become the 
ftronger, from reflecting on the pailions that are known 
to influence is^ powerfully mankind, by which the agency of 
this caufe is frequently excited. When a change, therefbrCi was 
obierved in an ovarium, by which it was converted into a fetty 
mafswith hair and teeth, this ihouldfeem to correfpond fb much 
with a change taking place in confequence of generation, that 
the mind wo«Ui icarcely entertain a doubt of its arifing from the. 
fame caufcy and would readily infer, that it had been preceded 
by a coiioediM between the fezes. This doubt would ftill be 
the kfs, from the circumftance of a complete foetus bebg 
ibmettmes Ibrmed in the ovarium, where the ufual means of 
generation had been employed. The following cafe, however, 
CKhiiMts many >eafbns why we (hould be led to believe, that 
the ovaxia in women have fome power within themfelves of 
taking on a procefs which is imitative of generation, without 
any previous coime&ion with a male; and it ix with this view 
that I proceed to relate it» 

la a female child, about twelve or thirteen years old, which 
was lately brought to Windmill -ftreet for difle&ion, I found - 
the right ovarium converted into a fubftance, doughy to the 
touch, and about the fize of a large hen^s ^;g. Upon cutting 
into the fubftance, I found an apparently fetty mafs, inter* 

mixed 
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mixed with hair and an excrtffccncc of benc«^* Tfciis ftartled 
me very much, as I had always been led to believe, that fuch 
appearances were a fort of imperfeft conception. The* cir- 
cumftances altogether being very Angular, I was led to pay 
confiderable attention to the change in the ovarium. 

The fatty mafs was of a yellowifli white colour^ in fome 
places more yellow than in others, was very unduous to the 
feeling, and confifted of fliortened or feparated particles, hot 
having the fame coalefcence which the fat has generally in the 
body. It became very foft when expofed to the heat of a fire, and 
funk into a portion of paper, on which it was-.fpread, fb as to 
make it more tranfparent. When the paper to which it was 
applied was expofed to the flame of a candle^ it burnt witk 
confiderable crackling. - * • . 

The hair with which the fatty fubftance was mixed* ^ew 
out of the inner furface of the capfule containing it, in fome 
places in folitary hairs, but chiefly in fmall fafcieuli, at fcat« 
tered irregular diftances. Befides thefe, there were' ioofe hairs 
involved in the fatty ittafs. The hairs were,' feme of -them, 
of confiderable length, even to three inches; WCTe fine, and 
of a light-brown colour. They referabled mtrcK •more thd 
hairs of the head, than what are commonly found on the pu*' 
bis, and corrcfponded very much in colour to tfie hair of the 
girl's head. 

There arofc alfo from the inner furface of the capfule foiae 
▼eftiges of human teeth. One appeared to be a canine ' tooth, 
another to be a fmall grinder, two others to be incilbrs, and there 
was alio a very imperfeft attempt at the formation of another 
tooth. Thefe were not fully formed, the fangs being w'ant- 
ing;but in two of them the bodies were as complete as^they 
are ever found in the common circuiAftances. They were each 
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of them inclofed in a proper capfule, which arofe from the 
inner furface of the ovarium, and confifted of a white thick 
opaque membrane. Attached to the capfules of three of the 
teeth, there was a white fpungy fubftance* The membrane of 
the ovarium itfelf was of fome conliderable thicknefs, but 
unequal in the different parts, was very fmooth iji its inner 
furface, and more irregular externally. The uterus was fmal- 
ler than it is commonly at birth, was perfectly healthy in its 
flrufture, and upon opening into its cavity it exhibited the 
ordinary appearances of a child's uterus, at that period. The 
left ovarium was very fmall, correfponding to the ftate of the 
uterus. It appears clearly from this, that the uterus had not 
yet received the iacreafe of bulk, which is ufual at the age of 
puberty. The hymen was entire, fuch as is commonly found 
in a child of the fame age ;. and there was juf): beginning a 
lanugo upon the labia, not more than what is often found on 
the upper lip of a boy of fifteen years old. Such are the cir- 
cumdances attending this fingular cafe, and they prefent to the 
mind various grounds of con^deratipn. 

The formation of hair and teeth is a fpecies of generation^ 
for in fa£t it makes a part of it, and ftrikes the mind as being 
very different from any irregular fubflance which is formed by 
difeafe. This formation too takes place in a part of the body 
which is fubfervient to generation, and where a complete 
foetus is fomelimes formed. The whole of this looks very 
much as if the produ£tion of hair and teeth in the ovarium was a 
fort of imperfect impregnation. But when we take another view 
of it, there are reafons at leafl equally flrong for believing that 
fuch productions may arife from an aftionin the ovarium itfelG 
without any flimulus from the application of the male femen. 

In 
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In the cafe before us, the uterus was as fraall as at birth, 
mdeed more- fo, and the left ovarium (which was perfeSly 
healthy) correfponded to the ftate of the uterus. It had not 
been at all Simulated, nor did appear capable of being (limu* 
lated by the application of the male femen. This feems to be 
a ftrong circumflance ; for in a cafe where there was an ovum 
formed in one of the Fallopian tubes, thfe uterus was enlarged to 
more than twice its unimpregnated (ize ; and, upon opening into 
its cavity, the decidua was obferved to be formed as completely 
as in the impregnated uterus. This preparation is ftill pre- 
ferved in the coUeftion of Windmill-ftreet. Nothing can be a 
Wronger proof, that when an impregnation takes place out of the 
cavity of the uterus, the uterus ftill takes a (hare in the adion, 
and undergoes fome of the changes of impregnation. In another 
preparation, which is preierved in the fame coUedion, where 
there was a foetus formed in the ovarium, the uterus was 
increafed to more than twice its ordinary fize, was very thick 
and fpungy, and« had its blood-vefTels enlarged as in an im*: 
pregnated uterus. This becomes another very ftrong proof of 
the adion of the uterus in the formation of an extra-uterine 
foetus. In the cafe before us, however, the uterus jiad under- 
gone no change, and does not feem to have arrived at that 
period, when it could be capable of undergoing fuch a change. 
Be(ides, we are not to confider the formation of teeth in the 
ovarium to be a quicker procefs than it is commonly in the 
head of a fetus ; but in the prefent cafe the teeth having 
advanced fully as far as they are at fome months after birth, 
this procefs muft have begun at leaft more than a twelvemonth 
before the death of the child. If then we cbufider it as an 
impregnation, fince the appearances of the child do not warrant 
ns to believe her to have been more than twelve or thirteen years 
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old, this brings the date of the impregnatioa to an earlifer 
period than can well be believed. From all thefe circum- 
Ibnces we might be led to fuppofe, that the formation of the 
hair and teeth was not in confequeno^ of any connidion with 
a male, but arofe from ibme aftion of the ovarium itfelf, in 
which the uterus did not participate. The exigence of the 
hymen, efpecially itv fo young a girl, becomes a collateral 
confirmation of th« fame opinion, although much is not to be 
refled on it, when taken fingly. 

It will, perhaps, have fome influence in removitig the pre«» 
judices againft this opinion^ to make the following remarks^ 
Hair is occafionally formed in parts of the human body, which 
are abfolutely uuconnedled with generation. EncyAed tumours 
are fometimes found containing hair. Mr. Huntse has a 
preparation of this fort in his colledUoo, which he cut out from, 
under the ikin of the eyebrow. This tumour was perfedly 
complete, and unconne£ted with the ikin, except by the com- 
mon intervention of cellular membrane, fo as to have na 
communication whatever with the hair^ of the eyebrow. 
In this inftance there was certainly a fpecies of generatioa 
taking place in the encyfted tumour itfelf, forming hairs as 
completely and fully as in the common progrefs of the forma- 
tion of a child. Such encyiled tumours have been found in 
other parts of the human body, and iHU more frequently in 
quadrupeds. Mr. Hvnt£r has in his colledion many fpeci* 
mens of encyAed tumours from cows and fheep containing hair 
and wool. Thefe were perfe^y complete, fo as to have pof- 
felTed a power of production within themfelves, and were many 
of them found deeply feated at a confiderable diftance from 
the Ikin, which is the common parent of hair. In thefe tu« 
mours there is often the appearance of layers of cuticle, which is 
% probably 
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probably a preparatory ftep to the formation of hair. All this 
ihews moft clearly, that hair may be formed without any 
fpecies of generation as it is commonly underftood. 

But hair is in itfclf as diftinft a confequence of generation as 
teeth, and as much a peculiar fubftance. If then the one be 
formed, there appears to be no reafon why the other (hould 
not alfo be formed. The adion producing the one is not 
better underftood than that producing the other ; nor does it 
appear to be really in itfelf lefs conneded with that fpecies of 
generation arifing from the approach of a male, fo that teeth 
may probably be formed by a peculiar aftion taking place 
in the ovarium itfelf, as well as the hair. 

It will tend to add further weight to this opinion, to con- 
fider that many of the adult teeth are formed in a child after 
birth; and therefore their formation depends on an zGtion 
taking place in the jaws at a particular period, and not on 
original growth. The fame circumftance ftrikes more ftrongly 
in the otcafional formation of teeth at an advanced time of life^ 
Both of thefe procdTes take place after the animal has been 
formed, in confequence of a certain adion being excited in a 
particular part of the body, and therefore there is lefs difficulty 
in believing that the fame fort of procefs may goon in another 
part of the body not commonly employed in it. It feems reafona- 
ble alfo to fuppofe, that the ovaria ihould have a greater aptitude 
of taking on a procefs fomewhat limilar to generation than 
the other indifferent parts of the body, as they conftitute a part 
of the organs which are fo materially concerned in the real 
procefs itfelf *. Thefe circumftances^ when taken colledtively, 

would 

* As the formation of teeth and hair involred in a fWtty mafs may be faid to 
be peculiar to the ovana^ and as there are itrong reafons for believing, that this 

formation; 
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would feem to render it very probable, that the formation of 
hair and teeth in the ovarium does not neceflarily depend on a 
connection between a nriale and a female (as has been the com- 
mon opinion), but arifes from fome aftion within the ovarium 
itfelf, which is imitative of generation. 

formation may take place without an intercoufe between the fcxcs, it becomet 
^ifi^cult to account for this peculiarity in them, unlefs by fuppoftng, that they 
have a greater aptitude of running into fuch a procefs than the other parts of the 
body. 
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IX. Some * Account of the Vegetable and Mineral ProduSlions of 
Boutan and Thibet. By Mr. Robert Saunders, Surgeon at 
Boglepoor in Bengal; communicated by Sir Jofcph Banks, 
Bart. P. R. S. 



Read February 26 and March 5, 1789. 

ROAD to Buxaduar, May 11 and 12, 1783. The trad 
of country from Bahar to the foot of the hills con- 
tains but few plants that are not common to Bengal. Pine- 
apples, mango- tree, jack and faul timber, are frequently to be 
met with in the forefts and jungles. Find many orange-trees 
towards the foot of the hills, of a very good fort, and bearing 
much fruit. Saw a few lime-trees, and found three different 
fpecies of the fenfitive plant. One fpecies is ufed medicinally 
by the natives of Bengal in fevers ; it is a powerful aftringent 
and bitter; another is the fpecies from which Terra Japonica is 
made, a medicine the hiftory of which we are but lately made 
acquainted with. The third fpecies is well known as the fen- 
fitive plant, and common in Bengal. 

The country, from Bahar to the foot of the mountains, to 
which we approach without any afcent, is rendered one of the 
moft unhealthy parts of India, from a variety of caufes. 

The whole, a perfeft flat, is at all times wet and fwampy, 
with a luxuriant growth of reeds, long grafs, and underwood, 
in the midft of ftagnated water, numerous frogs and infedls. 
The exhalations from fuch a furface of vegetable matter and 
fwamps, increafed by an additional degree of heat from the 

refletflioix 
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refleftion of th^ hills^ afFeft the air to a confiderable extent, 
and render it highly injurious to ftrangersi and European con- 
flit utions. 

The thermometer at the foot of the hill, mid-day 86% fell 
to 78'' at two o'clock, the time we reached Buxaduar, and that 
hour of the day when it is generally higheft. 

The foil and appearance of. the ground in afcending the hili 
are materially changed. See many loofe fparry ftones and rock 
containing iron. Two fprings, conduced from a diftant height 
byYpouts, are very pure and good water, without any mineral 
impregnation. The mountains in view covered with forefts of 
trees, rendered ufelefs from their inacceflibility* Thofe pecu* 
liar to the country are known to the natives by the name? 
Boumbfhi, Toumbfhi and Sinde{hi,befides faul timber, bamboo, 
and plantains. 

Buxaduar, May 12 to 21. Many of Ae plants peculiar to 
Bengal require nurfing at Buxaduar. There is one very good' 
baiiian tree. In the jungles, met with the ginger, and a verj 
good fort of yam ; faw fome pomegranate* trees in good prefer- 
vation ; fhallots. in great perfedion ; a ipecies of the Lychnis^ 
Arum, and Afclepias, natives of more northern iituations, and 
of little ufe ; a bad fort of raiberry, and a fpecies of the 
Gloriofa. The plantains in ufe below do not thrive here. 
In the jungles they have a plantain-tree producing a very broad 
leaf, with which they cover their huts; but the fruit is not 
eaten. See many weeds and long grafs more common to 
Bengal than any other parts of Boutan. 

From the 15th to the 22d, the rains were almoft inceflant 
at Buxaduar. Our People became unhealthy, and were at- 
tacked with fevers, which, if neglefted in the beginning, 
proved obfliuate quartans. This was the cafe with feveral of 

the 



tbt nitwwf whom I had an opportunity of iomog. They 
fcarcely^ howevert adpoic that Bnxaduar ts unhealthy at any 
fnfim of the yean After allowing f6r their prejudice, and 
the poffibility of the natives fuffisring but little from the bad 
feaibnsy I cannot help thinkings that Buxaduar muft be un- 
healthy, . at leaft to ftraugers, from the mouth of May till 
towards the end of September. It lies hight but is over- 
topped by the furrounding mountains, covered with forefts of 
trees and underwood. In all climates, where the influence of 
the fun is great, this is a never-failing caufe of bad air. The 
exhalation that takes place from fo great a furface in the day<» 
time falls after funfet in the form of dew, rendering the 
air raw, damp, and chilly, even in the moft fultry climates. 

The thermometer at Buxaduar was never, at two o'clock in 
the afternoon, above 82"", or below 73^ 
. In the neighbourhood of Buxaduar there are feveral excellent 
fprings of water, fome of them with lefs impregnatbn of any 
fort than I ever met with ; the niceft teft icarcely produced 
the feporation of a fenfible quantity of earthy matter. Such 
waters are generally to be diftiuguiflied by the tafte, which 
is bfipid and unpleafant. When thefe fprings could be traced 
to their fource, they ' funk the thermometer eight or ten de- 
grees below the temperature of the atmofphere. 

Road to Murifhong, May 22 and 23. In afcending 
the hill from Buxaduar there i^ to be feen much of au 
imperfeA quartz, of vaHous forms and colour, having i^i 
fome places the appearance of marble; but from chemical 
experiments, it was found to poflcfs very, different properties. 
This fort of quartz, when of a pure white, and free from 
any metallic colouring matter, is ufed as an ingrc<Jient in por- 
celain. I have not feen any that promifes to anfwer that pur* 
pofe better than what is to be met with in the mountains near 
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Buxaduar. 'Vt is known to mtnerallftd in ' that flate bf tite 
naoie of quartz gricftcne. The rock whicb fermr the bofis of 
thefe mountains dips in almoft. every Predion, and' is covtwd 
with a rich and fertile foil, b«it in no place level eiKMigb tty Im 
cultivated. Many European* phnts are met with' ott the mad to 
Muriihong; many different forts of modes, fena, wild tbymf^ 
peaches, willow, chickweed, and graSes comoicm to^the ttwn 
ibuthern parts of Europe, nettles^ thtilfrks, dbck^ ftiawflaeFry; 
rafherry, and many de(bu6:ive creepers^ io'OM peotlsar to 
Europe. 

Muriihong is the firfl: i^eafant and tieakhy fpot eo 
be met with on this fide of Boutan. ^ It lies high^ «ud 
much of the ground about k is cleared and coiimted; the 
foil, rich and fertile, produces good crops. The only plant 
now under culture is a fpecies of the Polygonam of Lm» 
NJEUS, producing a triangular feed, nearly tdie fize of ba»ky^ 
and the common fbod of the inhabitants,. It w«3 now filb 
beginning of their harveft; and the ground yields them, ^ as in 
other parts of Bbutan, a fecoud crop of rice. Ifsne anre to be 
found in the Jungles two fpecies of the Lauros of Linnjkos^; 
one known by the name of the baflard ciimamon* The bark 
of the root of this plant, when dried, has very much the tlafl^e 
and flavour of cinnamon ; it is ufed medicinally by the natives^ 
The Chenopodium, producing the femen fantonicum, of wofm* 
feed, a medicine formerly in great charafter, and ufed m thoie 
difeafes from which it is named, is^ common, here* 

Found in the neighbourhood of this place all the Eurc^ieaii 
plants we had met with on the road. The afcent from Boza* 
duar to Muri(hong is upon the whole great, wicfa a &n(ibfe 
change in the flate of the air. 

koad to Chooka, May 25. On the road to Chooka find all 

the Muriihong plants, cinnamon*tree, willow, and one or twe 

firs; 



Proii^ions gf Boutan and Thiljet* 8^ 

$fs; |Erawb!errie& every wherey and verj good, a(\d ^ fe>v bil- 
|)eriy flaiits., 

. ]\^Ujch fparrjr flinty and a fort of grjinite with ivhicli the 
cpad IS pavedp There h a .great deal of talc ia the'ftones and 
^Uy .but in topfmall pieces to beufeful. I^^requent beds of clay 
and pure fand. Find two mineral wells^ flightly impregnated 
wi/ch irpnf.witb much ajppear^ance of that metal in this part of 
the'<;oifntry ; and tl^ey are not unacquainted with the method 
pf ^jqtt^iAing it from the fiones, but Hill defpife its iife'in 
building* Towards Chooka there aire many well cultivated 
fields of vdiieat and barley. 

Road to Punukha, May 26* From Chooka the country opens; 
M>4i>fcfent^ to view many well cultivate fields arid dl(!ant vil* 
iagea ; a rapid change inclimate, the vegetable produ^ions, and 
gpncrs^ appearance of the country. Towards Pdriukha, pines 
and firs are the only trees to be met with ; but they do opt yet 
feem in their proper climate, being dwarfi(h and iil*(haped ; 
peaches, Taibecries^ and ftrawberries, thriving, every where; 
^aFce a plant to be feen that i^ not of Butopean gnOvi^th. In 
additipn to the many I. have already xpeption^tlY faw two i/pe^ 
jcies of the Crataegu39 one not yet defcnbed,, Sa\^ tw^ a(h- 
trees in a very thriving ftate^ the ftar-thiAle, and many ctlier 
weedSy ia general natives of t;he Alps and Switzerland! 

Much of the rock, to-day is, I find* on examihattony 
.pure Jiiroeftone ; a valuable acquifition if tliey did not eiVhei- 
defpife its vfe, or werjB unac(^uainted v/ith its properties?. 
It was moft advantageoudy fituated for being worked, and 
the pureft perhaps to be met with. There is likewife ab\in- 
dance of fire-wood in this part of the country. Jo buildiiig 
they would derive great benefit from the u^ prlt.' "^rl^efr 
hotifes ar^ lofty, the timbers fubftantial, and^ nothing waytm^ 
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tb^riialce tliem 'durable/ but theif being- ^cquain thi ufe 

€f lime. As a manure it might probably' be titcd to gifefet 

^a^\^ailtage* M*any fietiis of barley In this "part of the coufiiry ; 

"^now (he beginning of their harveft. The thermometer here 

feti; k' four o'clock m the Vternoon, to 66"^ \ cold and 

chilly. ^ 

^'^Itbad to C^epta, May 27. On the road to Chipta, ifio 

"rock in general dips to the northward and eaftward, in abbtit 

ail angle of fixty degrees. Much of limeftone, anci fortie Veiiis 

6f quartz, and loofe pieces of fparry flint ftrlking fire witli 

fteeK "^ "^■' •• " 

Several fprings^ and one (lightly Impregnated withlroti. 

In addition to the plants of yefterday, find the Coriahdfum 
teAicuIatunl, Inula moutana, and Rhododendum magnum. ' 

At thepta met with a few turneps, one maple-tree, worm* 
wood, goofe-grafs ((jfalium aparine)^ and many other European 
weeds ^ ^he firil: walnut-tree we had yet ieen. * 

C^epta iies jiigh, and hot above fix miles from the moun* 
tain of Lomyia, now covered with fnow. The wind from 
that quarter, S.E. made it cold arid chilly, and funk the ther- 
mometer at mid-day to 57**. " Here are (bme fields of wheat 
and barley not yet ripe. 

Road to Pagha, May 29. Soon after leaving Chepta fihd 
a mineral well, which, on a chemical examination, gave 
marks of a ftrong impregnation from iron. " I traced it to its 
fource,' where the thermometer, on being immerfed, fell from 
66» 1056^^ 

A little before we reach Pagha, met with fome limeftone, and 
? bed bf chalk, which, near the furface, contained a great 
proportion of fand, but fome feet under was much purer. 

- The 
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■;• 1^ lorefts of firs of M/iofynot f^tomhtXcYfit^^^tv^t 
^ogrFoie,: and braijiblei , 

'. Boad to Taflefqdon, May qo «nd<4i» Tudci. The road 
from-her^to Tafleludm prefenta us wi(b little that wq have 
najC oiet wttl^^ fjpwer ftrawberms, and aq rafberrjcs; {qo^ 
very good orchards of peaches, apricots, apples, and pbars. 
'3fhecfi:mti'fbrnied, and will be ripe in Au^^ufl wA Septipfi^n 
^j^ yr}th %V9Qs forts of cranberry, one very good. Saw^ the 
^If^aria fterilis, and a- few poppies. At WanakhsC found a 
fev^ turneps, ihallots,* ^ cucumbers, and gourdsl . Near to Tafle- 
fudon the road is lined with many different fpeciea of the j-oiCf 
and a^w jeflamiae plants* The foil is light, and>the hills in 
toaay places barrep^ rocky, aud with very little verdure. The 
rock in general laminated and rotten,, with' niany fmall par^ 
tides of talc in every part of the country incorporate with 
the ftoiies and fell. Some limeftone, aQd.appearanfie of good 
chalk. * Several good and pure fprings of waters 
: T^flefudon . and its neighbourhood abound , with aU^the 
plants we have already mentioned. The hjIU ase cfaief^ 
wood, with firs and afpen. I have not yet bean able to find an 
oak-tree, and the a(h is very^feldooi to be met with. Tha 
elder, holly, bramble, and dog-rofe^ are common. Found the 
birch-tree, cyprefs, yew, and delphinium. Many difi^ent 
ipecies of the vaccinium, of which the bilberry is one, and 
the cranberry another. Towards the top of • the adjacent 
mountains met with two plants of the Arbutus uva urii, whicjh 
is a native of the Alps, the mod: mountainous parts of Scot- 
land, and Canada. 

I have likewife feen a fpecies of the rhubarb plant (Rh^um 
tindulatum) brought from a diftance, and only to be met witk 
near the fummits of hills covered with fnow^ and. where tHe 
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foil is rockf« . Tbetnierhiibtiii. (Rbevsn pilmatQift)! isl|k:e« 
wife the native of a cold climate ; and thoogh Cbba fij^pjUdi 
bs with much of this dnigv it is kboirai to be the ^chuth of 
its more tiofthem prov^ices^ Tarttfy^ aodpait p£ the RuffiaQ 
domiiwkis;^ The goeat difficultj is in drysDg the ri]0C.y People 
vet&LXii ia that bafineft iav^ that OQeiKindred pounds «f |shc 6^ 
notifhmiid »9t weigh abore fix pounds and a half, af jproporljr 
Ariedy and ilt eertanly has been reduosd k^ that» . I have Ceen 
aighi^ poMtods JoE*' fretfh loot prodfiGed fron ooe |»lant'; b<% 
a£cw dcfinglt with aiiidi«acQaad attention, th« wei|gbt<if libt 
drird^oDCtDOuId not be made left thaa tmtlvie pouads» . It war 
£v%snded id an omn^ with an etjual MiA moderate j) i| ; nq 4^ 
iieac. ^littler, moce than the £ime <)tMUitity of this, pawdir 
pmdiiBod a ^imlar tShd .wkh.the befi &Mreig|d rhutaiMrb. r 

: Irhe other pfanits'iOomtfnDn heit am the fervice-lKqe, bletfed 
Jthiftle^modLocange, Spiraea fiUpeodubi Arum^ ]£ebitOH.^*uca^ 
Ferula commumst Srica, and Viola« Of the (oferhikih I haff 
snet ttdth lihe flmfbaowiiig fpecies s Rofit alpina^ peattfisiiat^* 
niiia^ .InuiBa^ ipinofimma. 

. Thecnltine of pob-herhs ts wtty wha?e&egleded( 9uAiep% 
a&wamiMs aabd flialfeti^ urete the beft we c<Kild propwe^ 
Mn! B0D1.S left potatoes, cabfaHgi^. and lottuc^-phutSy all 
which we ibimd neglefbsd and difperftbd. The/ had vcfy iiof 
properly (fromraa idea moft prabaUy ^of their beia|s xMim^^ 
jBengai) planted tbem ia a fi&iation and climate whioh Jdfr 
.proachea very near to that of Bengal at all feafoosi. at we ihaU 
£od afterwards* Mekms^ gdufds, brinjalsy and pQcumbers^ ajE^ 
occafionally to be met with. The country is fitted for.tbp 
^raduftion of eveiy fruit and vegefiaUe comaiiaa without the 
tropica^ aadia fooaeiitnatioas ¥riU JMn%to paifia^an maay 
of the tropical jBcaits. • . 1 
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There are two plaats vibich I have to^ xtgtti the not having 
had as yet an opportunity of feeing; one is the tree from ihe 
bark of which their paper is made ; and the other is employed 
by them in poifoniog their arrows. This l^ft is iud to come 
£rom a very remote part of the country. They defcribe it as 
growing to the height of three or ibur feet, with a hoHow 
fiaik^ The juice is* .infpifiated, and laid as «a paftenn thio^c 
arrows. Fortunately fox them» it has not all the bad effe&s 
they dread from it# I bad an opportunity of feeing feveral 
who were wounded with thefe arrowsi and they aH did wdl^ 
though under the greateft appiehenfion* The cleaning, and 
enlarging fome of the wounds was the mo9i that I found 
necefiary to he done. The pafte is* pungent and .acrid, will 
increafe inflafflmation, and may make a bad or negiefied 
woond mortal; but it certainly does not poflpfsany ^lecific 
i^ualsty as a poifon^ 

The fir^. fo common in this country, ftSfperhapi the 
only tiee they could convert to 9. uieful aiid.profitable pm^ 
po&. What I have feen would not, from their ixtuatkn, 
be employed as timber. - The^largei): I have yet .met with 
were near Wandeporej;. t*bey n^eafured frameig^t to ten feet 
in circumference, were taU audilraight;* Suchnear the Bur- 
xampeoter, or any navigable river, might certaialy be tran- 
fported to an advantageous market.' I am oonvinced that any* 
i|uantity of- tar, pitchy turpentine, and reiio, might be made 
in this c<Rmtry, much to the emolument of the natives. Firs^ 
wlvch from, their (ize and fituation are unfit for timber, would 
anfwer the purpofe equally well. The procefe for procuring tar 
and turpentine is fimple, and does not require the conftrudiou of 
expendve works. TJus great obje^- has fbeen fo little attended 
to,, that they are fupplied from Bengal with whafb they^ want of 
thefe articles. The 
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The country about Taffefudon contains great varietj of tolU 
and much rbcfe of many different forms, but ftill an unpro- 
mifing field for a mineralift. I have not found in Bdfatan a 
foflil th«: had* the leaft appearance of containing any other 
meial than iron, and a fmall portion of copper. From infor- 
ihation, 'knh the reports of travellers, I believe it is otherwife 
to the northward. The banks of the Ticufliu, admitting of 
tulthratloff for Tevcral miles aboive and below Taflfefudon, yield 
them two crops in the year. The firft of wheat and barley is 
cut down ifl June ; and the rice, planted immediately after^ 
enjoyi the benefit of the rains. This country is not without its 
hottvefis, as well as many numerous Springs, fome of whicK 
I have taken notice of. One hot well, near Wandepore, is lo 
clofe to ^he banks of the river as to be overflowed in the 
rains, and we found il! impoflible to get to it : the heat of this 
well 18 great ; but I could not learn that the ground about it 
was much di^rent from the general afpeA of the country. 
Another, fevcral days journey from hence, is on the brow of 
a hill perpetually covered with fnow. "This hot well is held 
in great eftimation by the people of the country, and refbrted 
to by valetudinarians of every defcription. I gained but little 
fatisfaftory information refpefting the degree of heat, or ap- 
pearance of the Aground about it, that Could lead me to form a 
juft opinion of either. 

Taflefudon to Paraghon, Sept. 8 and 9. Left Taflefudon; 
and arrived next day at Paraghon. Mtlch good rich foil, with 
more pafture, where thfe ground is not cultivated, than we had 
yet met with. Many fields of turncps in great perfeftion ; a 
plattt they Iceth better acquainted with the cultivation of 
than any other. Find on the road many large and well-thriv- 
ing birch, willows, pines, and firs, fome walnut-trees, the 
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AAfXt^ Mxi yrfi, ahixodwcQ of Iknwkcxty^ eldetberry, bil> 
berry, Ctuy&atbeiauQi or grc^r daiijr, and many Euro- 
peaiA gra^. See thf Datixa ferc^x cir thora-apple^ a plane 
comfK^ in Ctuaa aod fcMoe parts; of Thibet, \«kqre it is vied 
incdi(;ioally» Tbey £d4 it a powerfiU. pa^xotifv and give the 
feeds where they wi(h that effi^ to be proluced. It has be«A 
u&d aa a oedicioc m £arcfe„ and it Iwonrn tt> po^d& tbefe 
qualities in a high degree. See- holly, dog-^toi^ aod ^ifm* 
The prefeot crop omt ParagboOt on i^p. hanl^s q( tli«^ Ba<fl^^« 
is rice, but not fo far adranoed as at Tafl^lii4on \ tho famp 
may be (aid of their fmita. They % it is coldfcc h^re 9f all 
fusions than at T9^udon» which is cei^^y b^w i;hf lifivql. 
of this place. 

Towards the fummit of the mountain we crofled, foupd 
fome rock of 11 curious appearance, ^ra^ng in. frgpt ^x 
or feven angular &i9i-pillar$^ of a great circvimfeceuce, aiicl 
ibme hundred ^ high* Thii natural curio^y w^ de* 
tached in part from the movntain, and preyed QW a opn^- 
derable fall of watert which added much to tho beautiful md 
pidureique appearance of the whole. Nu|ne«QHf fj^rin|s^ 
ibme degrees colder than the furroi^nding atQio^hcTf* fiW^Q^ 
fiom the rock on the moft cUyatod patt of the mountaior £^r- 
niOi a very ample and feafonabie fupply ^ ^excellent water to. 
the traveller* The rock» in many places laipinatfid» might 
be fonpod into very toler4>le flate. N$ap ^o ;Paragboq irvn 
%aes are found, and one ^rlng highly impregnated with thia 
niineral. 

Bofid to Duk»gu% Sept. |i> Our coa4 to P^kaigun, 
nearly doe north, is a continued afcent fi)r «ught miles,, alOPg 
the ^apki of the Pachu» faljif^ over nuo^rffps rocks, priu:.i- 
. V^L. LXXIX. N pices, 
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pices, and huge ftones. Here we begin to experience a very 
confiderable change in the temperature of the atmofphere ; 
the furrounding hills were covered with fnow in the morning, 
which had fallen the preceding night, but difappeared foon 
after funrife. The thermometer fell to 54'' in the afternoon, 
and did not rife above 62*^ at noon. 

The face of the mountains, in fome places bare, with pro* 
jefling rock of many different forms 5 quartz, flint, and a bad 
fort of freeftone, common. Many very good fprings, flightly 
impregnated with a felenitic earth. 

The foil is rich, and near to the river in great cultivation. 
Many horfes, the- flaple article of their trade, are bred in this 
part of the country. Found walnut*trees^ peaches, apples, 
and pears. 

Road to Sanha, Sept. 12. The road ftill afcending to 
Sanha, and near to the river for ten miles. 

The thermometer falling fome degrees, we found it cold and 
chilly. The bed of the river is full of large ftones, probably 
wafhed down from the mountains by the rapidity of its ftream; 
they are chiefly quartz and granite. Here is excellent pafture 
for numerous herds of goats. 
I Road to Chichakumboo. From Sanha the afcent is much 
greater, and, after keeping for ten miles along the banks of 
the Pachu, ftill a confideirable ftream, we reach its fource 
(from three diftinft rivulets, all in view, ramified andfupplied 
by numerous fprings), and fbon after arrive at the moft ele- 
vated part of our road. 

Here we quit the boundary of Boutan, and enter the terri- 
tory of Thibet, where nature has drawn the line ftill more 
ftrongly, and affords, perhaps, the moft extraordinary con- 
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traft that takes place on the face of the earth. From this 
eminence are to be feen the mountains of Boutan, covered' 
with trees, (hrubs^ and verdure to their tons, and on the 
fouth fide of this mountain to within a few feet of the 
ground on which we tread. On the north fide the eye takes in 
an extcnfive range of hills and plains, but not a tree, flirub, 
or fcarce a tuft of grafs to be ken. Thus, in the courfe of 
lefs than a mile, we bid adieu to a mod fertile foil, covered 
with perpetual verdure, and enter a country where the foil and 
climate feem inimical to the produdlion of every vegetable. The 
change in the temperature of the air is equally obvious and rapid. 
The thermometer in the forenoon 34'', with froft and fnow 
in the night-time. Our prefent obfervations on the caufe of 
this change confirmed us in a former opinion, and incontefta- 
bly prove, that we arc to look for that difference of climate 
from the fituation of the ground as more or lefs above the 
general level of the earth. In attending to this caufe of heat 
or cold, we muft not allow ourfelves to be deceived by a com- 
parifon with that which is immediately in view. We ought 
to take in a greater range of country, and where the road is 
near the banks of a river, we cannot well err in forming a 
judgement of the inclination of the ground. Punukha and 
Wandepore, both to the northward of Taffefudon, are quite 
in a Bengal climate. The thermometer at the firft of thefe 
places, in the months of July and January, was within two 
degrees of what it had been at Rungpore for the fame periods. 
They feem in more expofed fituations than Taffefudon ; and, 
were we to draw a comparifon of their heights from the fur- 
rounding ground, I (hould lay they were above its level. 
The road, however, proves the reverfe. From Punukha to 
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Taflcfudon \^ had> a cootiouied and fteep afaent Ibr fix :li(Min 
aod a' half, wu|i a very inconiiderable ^efktnt on the Tafl^ 
fudon fideb ; Frpcn the ibuth fide of the iBQmitain dividilng 
J^putan froi;nL Thibeti the fpriag^ and nvuleta are tUnabltng. 
da\yn, iA <;9|ffa^^s and torrents, and have beea traced ^jr ufi 
i^e^r. to;jthe, foot of the hills, where they empty themfclveb 
to thp j;aft^?f d of Buxaduar. On the north fide they glide 
fmpothly. .along, and by paffing to the northward tfa far as 
Tiihooluoiboo, prove a delcent on that fide, which the eye: 
could not detedt. This part of the country, being the moft 
elevated^ is at all time$ the coldeft ; and the fnowy rnoun* 
rains, from their heights and bearings, notwithftanding th^^ 
diftance, are certainly thoie feen from Purnea. 

The foil on the Thibet fide of the mountain is Tandy, wkh 
much gravel and many loofe ftoues. On the road found the 
Aconltum pyreneuin, and two fpecies of the Saxifraga, 

See a large flock of chowry tailed cattle ; thek extenfive 
range of pafi^ure feems to make amends for its poverty. 

From Faro to Duina, Sept. 15, From Faro to Duina pafe 
over an extenfive plain, bounded by many fmall hills, oddly 
arranged ; fome of them detached and fingle, and all feem 
compofed of iand collected in that fornt, having the plain fyr 
their general bafe. 

At Duina found a few plots of barley, which they are now 
cutting down, though green, as de%airing of its ripening. 
The thermometer, at fix o'clock in the morning, beloW the 
freezing point, and the ground partially covered with 'fiiOiV. 

Road to Chalu, Sept« i6. Continue on the plain; find 
three fprings forcing their way through the ground with vio- 
lence, and giving rile to a lake mainy miles in extent, 'Adftfd 
z with 



with raiHrons i>f waffer-toivl ite4-^Jft*lterifr Rfft: Of the 
firil favr thp cynas; folati geefe;' Wany kihds <yf diicks, 
pintados^ craftes, ahd gulte of d^ibi^nt fdtti. ^ The ipfings 
erf this like art itt gretft repotatioft for thfe cilre bf moft 
diieafcs. I examinfed the water^ and* found ir coRtiiih a^^oftiOQ 
of alum with the felemtic earths *Ou the bahks df tht lake 
1 found a ciyftallixation, which prows to Sc an attcalinbfafc'; 
ir is Ufed by the natives for wafhing^ and anfw«f s the purpdfe 
asiveli as pot-a(h. Tlie pafture which n impregnated tvith 
thi$ fait is greedil/ fought after t)y flieep and goats, and 
proves excellent food 'for them. The hills are chiefly compofed 
of fand incriifted hy the inclemeney ef the weather and yio^ 
lent winds^ feeming at firft view compofed of freeflone. 

Koad to Simadar, Sept. 17. /Pafs a lake ftill more confi- 
derablt rtian the former, with which it communicates by a 
narrowflrcam, about three miles long* Thetc never was a 
more barren or unpromifing foil } litilc turf, ^grtft, or vegeta*- 
tion df any fort, except near the kfce. See a few huti,. moftly 
in ruins and dcferted. The only grain in «his part of the 
country is barley, which 'they are cutting ^wa' every where 
green. 

Pafs two fprings,- t>ne of them (fishily impregnated with 
alum. They form the principal fource of a river, which 
empties itfelf in the'Burrampooter near Tifbolumboo. 

The wind from theeaftward of fotith k now the coldeft 
and moft piercing; paffing^ over the fnowymountaina and dry 
fandy defart before ddfcrf bed, it comes dlvefted of all vapour 
ormoifttire, and produces the fame effeft as the hoc dry winds 
inmore'foutherlyfituatrons. Mahogany boxdsand furnttur^^ 
that had withftood'the Bengal elimate 'for years, wcte warped 
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-with confiderable fiffures, and rendered ufelefs. The natives 
ii\y^ a direct expofure to thefe winds occafions the lofs of their 
fore-teeth ; and our faithful guide afcribed that defed in him- 
fclt to this caufe. We efcaped with lofs of the Ikinfrom the 
grtattft part- of our faces. 

Road: to Seluh, Sept. 'i»8. Near our road to-day found a 
Jiot. well, much frequented by people with venereal com- 
plaints, i^beumatifra, and all cutaneous difeafes. They do not 
drink the water, but ufe it as a bath. The thermometer, 
when immeffed in the water, rofe from 40° to 88°. It has a 
llrong fulpbutepus. fmeli, and contains a portion of hepar 
fulphuris.- .Expofure to air deprives it, as moft other mineral 
wells, of mjuch of its property. v 

Road to Takui, Sept. 19. . Pafs fome fields of barley and 
peafe, and get into a milder climate. Find to-day a great 
•variety of (lone and rock, fome containing copper, and others, 
a very, pure rock cryftal, regularly cryftallized, with fix une- 
qual fides. The rock cryftal is of different fizes and degrees 
of purity, but of one form. Find fome flint and granite, 
feveral fprings of water impregnated with iron, and nearly of 
the fame temperature with the atmofphere. See a few ill- 
thriving willows planted near the habitations, and which are 
the only trees to be met with. 

Road, to Tiflbolumboo, Sept. 20, 21, and 22. The remain- 
ing part of our journey is over a more fertile foil, enjoying a 
milder climate. Some very good fields of wheat, barley, and 
peafe ; many pleafant villages and diftant houfes, lefs fand and 
more rock, part flaty, and much of it a very good fort of flint. 
The foil in the valley a light-coloured clay and fand. They 
are every where employed in cutting down thcir.crop. What 
4 a happy 
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a happy climate ! The Iky ferenc and clear, without a cloud ;- 
and fo confident are they of the continuance of this weather, 
that their crop is thrown together m a convenient part of the^ 
field, without any cover, to remain till they can find time to 
threfh it out, ' . 

Before we reached Tifibolumboo found fome elms and a(h* 
trees. 

The- hills in Thibet have, from their general appearance, 
ilroog marks of containing thofe fodils that are inimical to 
negation ; fuch are moft of the ores of metal and pyritical 
matter. 

The country, properly explored, promifes better than any I 
have feen to gratify the curiofity of a pbilofopher, and reward 
the labours of a mineraltft. Accident, mor^ than a fpirit of 
enterprife and enquiry, has already difcovered the prefence of 
many valuable ores and minerals in Thibet. The firft in this 
lift is defervedly gold. They find it in large quantities, and- 
frequently very pure. In the form of gold-duft.it is found in 
the beds of rivers, and at their, feveral. bend ings, generally 
attached to fmall pieces of ftohe, with every appearance of it& 
having been part of a larger mafs. They find. it fometimes in 
large mafles, lumps, and irregular veins ; the adhering flohe 
is generally flint i oi: quartz, and I have - fometimes i.feeu a' 
half*formed, impure ibrt of precious ftone in the mafs.: 
By a' common procefs for: the purification of. gold, I ex^^ 
traded la per cent, of refufe from fome gbld-duft, :and on^ 
exattiination found it to be fand and filings of iroa, which laft 
was not likely to have been with it in its native ftate, but pro-> 
bably employed for the purpafe of adulteration. ^ Two days 
journey trom Tiflbolumboo there: isa lead mine. The ore is 
much the fame as that found in Derby fliire, mineralized by 
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iulphur^ and the metal obtaioed by the rerj fittple opt* 
ration of fii(i«i akwtw Moft lead contains a fWtiMi of 
filver, and feme ia the proportion to msdce it an ok^eft xo 
woFk tbe lead ore for the fake of the filven Ginnabaf^ 
containing a large proportion of quickfilver^ is found 
11) Thibet^ and might be adrantageoufly eaqi^loyed for the 
purpoie of extra&iog this metaL I'he procefs is (imple^ by 
difliUation ; but to carry it on in the great would require 
moft fuel than the countty can well fupply. I hafe &ea ores 
and looie flsones containing copper^ and have not a doubt of 
its being to be found in grpat abundance in the country. Iron 
it more fife(|iieiitiy to be met with in Boutan than Thibet % 
aud^ ^mis k wxxt cocCinM)n^ the difficulty of procuring proper 
fuel for fmeking the kfs valuable ores, mufl prove aa iofis* 
perable ob]c6lioa to the working, them. The dung of amoaals 
is the only fubftitute they have for fire^woodf aod with that 
alone they will never be able to excite a degree of heat fuffi* 
ci«mly intenfe for fuch purpofes* Thus fituated« the tOfilEt 
valuable diibovery for them wOuld be that of a coal oaioe* 
In fome parta of China bordering on Thibet^ coal ia found 
and u&d as fuel. 

Tincalf the nature wd produAion of which we have only 
hitherto been able to guefs at^ is now well known, and Thi- 
bet» from whence v^ are fupplied^ oontdas it in ineahauftihlo 
quantities. It is a fbflil brought to marktt in the flate it ia 
dug out of the lake^ and afterwards refined into Borax by 
ourfelves. Rock fait it likewise found in great abundanoe io 
Thibet. 

The lakci from whence tiocal and rock fait are eoUeiftedy ia 
about fifteen days journey froaa Tiffoolunabeo, and to the 
northward of it. It is encompafled on all (ides by. rocky hiUs» 

without 



T^tduRhm of Boutan and Thibfct. g^ 

Without any brookn or rivulets near at hand ; but its waters arfe 
fbpplied by fprings, which being faltifh to the tafle are not 
vfed by the natives* The^tincal is depofited or formed in the 
bed of the lake' ; and t^oie who ga to colleft: it, dig it up in* 
hrgemailes^- which they afterwards break into fmall pieces fof^ 
the convenience of carriage, expofing it to the air to dry^ 
Although tincal has been coUefted from this lake for a grear 
length of time, the quantity is not perceptibly diminifhed ; 
and us the cavititta made by digging it foon wear out or fill up^ 
it Is an opinion witk the people, that the formation of fre(hf 
tincal is going>^on. They have never yet met with it in Atyi 
gfound or high iituations, but it is found in the (hallowed depths, 
and the borders of the lake, whicb deepening^^gradualiy from^ 
the edges towards the center contains, too. much water toV 
admit of ebei( icardii^ig for .the tincal conveniently; but: 
from the doepeft parts: (hey bmng up rock fait, which is not' 
to be found inth&fhallQws, or near the bank. The waters of: 
the lake rifeand fall very little, being fupplied by a co^ftaiiti 
and unvarj^ng fource, neither^ augmented by the iufluKof any» 
current, or diminifhed by any ftream running from it. The 
kke, lamafTured, is at leaft twenty miles in circumference, ^ 
and (landing in. a very bleak iituatioQ isL froseu for a great' 
parj of the year. . Tha people employed in collefting thefe 
(alts are obligedto defect fcemNtheirJabour fo early as Oftpber,. 
on aocount of the ice. . Tincal is ufed in Thibet for folderingr 
and to promote the fufion of gold andvfilver. Rock fait is.. 
tiniverfally-ti(ed for all domeftic purpofes- in Thibet,) Boutan,. 
and Naphauhi 

The thermometer at TiflToolumboo during* the month of> 
Oftoberwas, on an average, at eight o*clcck in the monBingi 
38% at noon 46% and (ixVclock in theeYCuiug 42!/ Thcu 
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weather clear, cool, and pleafant, and the prevailing wiod 
from the fouthward. During the month of November we 
had froAs morning and evening, a ferene clear iky, not a 
cloud to be feen. The rays of the fun pa/Iing through a ihc- 
dium fo little obfcured had great influence. The thermometer 
was often below 30'' in the morning, and feldom above 
38^ at noon in the (hade; wind from the fouthward. 
Of the difeafes of this country, the firft that attracts our notice^ 
. as we approach the foot of the hills, is a glandular fwelling in the 
throat, which is known to prevail in fimilar iitiaations in fome 
parts. of Europe, and generally afcribed to au impregnation of 
the water from fnow. The difeafe being common at the foot of 
the Alps, and confined to a trad: of country near thefe moun* 
tains, has firfl given rife to the idea of its being occafioned by 
fnow water. If a general view of the difeafe, and iituations 
where it is common, had been the fubje£fc of enquiry, or 
awakened the attention of any able practitioner, we ihould 
have been long iince undeceived in this refpe£):. . On the coaft 
of Greenland, the mountainous parts of Wales and Scotland^ 
where melted fnow muft be continually paffing into their 
rivers and ilreams, the* difeafe is not known, though it is 
common in Derbyfliire, and fome other parts of England* 
Rungpore is about one hundred miles from the foot of the 
hills, and much farther from the fnow, yet the difeafe is as 
frequent there as in Boutan. In Thibet, where fnow is never 
out of view, and the principal fource of all their rivers and 
flreams, the difeafe is not to be met with ; but what puts the 
matter paft a doubt, is the frequency of the difeafe on the 
coaft of Sumatra, where fnow is never to be found. Oa 
finding the vegetable produdions of Boutan the fame as thofe 
of the Alps in alpiofl every inflance, it occurred to me, that 
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the difeafe might arife from an impregnation of the water by 
theft- plants, or the foil probably pofleffing fimilar qualities, 
the fpontaneous produdlions of both countries, with very few 
exceptions, being fo nearly, alike. It however appears more 
probable, that the difeafe is endemial, proceeding from a pe- 
culiarity in the air of fituations in the vicinity of mountains 
with fuch foil and vegetable produftions. I am the more 
inclined to think fo, that I have univejfally found this direafe 
moft prevalent amongft the lower clafs of people, and thofe 
who arp moft expofed to the unguarded influence of the wea-^ 
ther, and various changes that take place in the air of fucK 
fituations. The primary caufe in the atmofphcre producing 
this effe<a is, perhaps, not more iiiexpHcable than what we 
meet with in the W-lands of Eflex and fens .of LincolnOiire. 
An accurate analyfis of the water ufed in common by the 
natives, where this difeafe is more or lefs frequent, and where 
it is not known in fimilar expofures, might throw fome light 
on this fubjefl. ' 

This very extraordinary difeafe has been little attended to^ 
from obvious reafons ; it is unaccompanied with pain, feldom 
fatal, and generally confined to the poorer fort of people. The. 
tumor is unfightly, and grows to a troublefome fize, being 
often as large as a perfon*s head. It is certainly not exag- 
gerating to fay, that one in fix of the Rungpore diftrift, and 
country of Boutan, has the difeafe. 

As thofe who labour moft, and are the leaft prote£led from 
the changes of weather, are moft fubjeft to the difeafe, we 
univerfally find it in Boutan more common with the women 
than men. It generally appears in Boutan at the age of thir*. 
teen or fourteen, and in Bengal at the age of eleven or twelve; 
fo that in both countries the difeafe (hows itfelf about the age 
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' of puberty* Ldo not beliwe thisdiieafehaseiittr^een reanWii^ 
though a mercurial courfe ieemed: to check its progrefS) imC 
did not prevent its advance after interinittidg the *tufe of mer<- 
cuiy. An attention to the pcimarj caufe will iirft lead toz 

: jumper method of treating 'Che difeaie ; a change of fituatioii 
for. a ihort while, at that fiarticular porlod -Vhen it appears^ 
in^ht be the'^neans of .preventing iL 

The people of this happj climate are not exempt from the 

' venereal diTeafe, which Teems to rage with unremitting fury la 
all climates, and proves the greatel): fcbtrrge to the human race. 
It has been long a matter of doubt, wliefher *fhis^ difeaie has 

* ever been cured by any other fpecific than mefcUry and its 
Afferent preparations. "In defence of the opinion of other 

' fpeciBcs being iii ufe, if has ' always been tirged, that the 
' diirafe is frequent iii many parts of the world, where it could 
not be fuppofed that they were acquainted with quick* 
filver, and the proper method of preparing it as a medicine. 
I muftown, that I e)cpe£ted to have been able to have added 
one other fpecifip for- this difeafe to KHir- lift in the Materia 
medica, being informed 'that the diieafe viras comition, and 
their method' of treating l^^uccefsfiil; nor coulcll allow my* 
felf to think they were acquainted with the method of pre- 
paring quickiilver, fo as to render it ^Tafe and efficacious me** 
dieine. In this, however, I was miflaketi. 

The 'difeafe feeras in this country to make a nlore rapid pro- 
grefs, and rage with more violence, than in any other. This is 
to be accounted for frbni the gfdfsiiefs of ^ their food and Jittle 

• aittention t^ cleanlihefs. 

There is one pfcpai'ation'OPiilerctiry ih common nfe with 
'" them, arid made afteif the"* following manner. A pdrfionofalum, 
^^<4fifre, Vermillion^ add qUickfilyer, areplacedlti the bottom of an 
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«iitbcft potf ^ifcha fmaller one inverted put.oviexrtbcfiiatefiab^ 
Jod well lutedi to ^tbe ^boaom tif the tiarger pot«'i Ovep '4l)d 
"fmaU tine^ and withmtke large oner tfac^udl ie^pkqed^tiabdl 
tbe'fire continued^for atxMt §9rty raitrates. r A dCcrtaia .quancitg^ 
lef ftieU oarefolljr 'Weighed cut^- i» what nglulates thcmiDificl| 
refpeft to the^^ dogree of heat^ as they /cannot fee tke* oiditerlaii 
during the <^)eratiou« ^r^^en the vieScl is/ oool^. iiie fiEnalhi»% 
verted pot^is taken off, and the^naCenals'CoUe&ed fbttisftj I'l 
atten^d the whole* of the procefs, and examined the iiaalcridt 
afterwarda. ^Hhc quidcfilver had been a£ted oa: by the dthtt 
ingredieftCs, deprived of its .metallic form^ .and^jcendered aiSil. 
aodKafficaciousremedjr^ > 

^A Juiowledge'^^f 'diecnlflry lias'tauglxt nr/a txxve eertaiii 
method of rendering this valuable medicine adive and effiea« 
cious ; yet we find this preparation anfwensig eveyy good fuiw 
polGy>aQ^faytheic?gttarded manner. t£ exhibitiog.it perfeStJ^ 
f^&u This powder iai^ebs^aofxheir pill^ and often .BibdioieXf 
ternalapplicatiosi* vTke.wbole^when intimately jsuxed^fbraied 
a reddi(h« powder, and was made into tbe^loiiQ of piljis i)yrihe 
addition of a plum or date. Two orthree pills taken;twice a 
day general^ hring on, about /the fourth «r*i£fth ^ayt^.^ai^^^'' 
tix\g^ which4s encouraged by 'continuing^ the «fi^'^ofrithe>pl]lg 
£9r a^day.^or two longer, t As the^livation advancesv 4hey:{>tii: 
a flick acrofs the^bent'a^aionth, 4n ^the^form^ of a gag^ and 
make it faft behind. > /This; they fay, is dotte^fte promote vthe 
fpittiug, <^nd prevent f^he lofs of their teeth. rThey keepniip 
theiaUvation for ten ^or tweliie? days» during -whicU timeiihe 
patient is^nouriflied with cougeeand^other liquids^^^-i^c&af 
this powder is oftea'^fedf(exterually>:by diffufing-it'in w^rm 
water, >and wlafliiiig fores aiid*r buboes. ^Th^y diip€i:iev^i)iibQei8 
-f qegyeijitljir hjFvpoiultiG»s.Qf . tivnip Jtopsi. io; >whioh:.t^ .t^liVitiril 
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put vermiUion» and fometicnes muik. Nitre, as a cooler, is 
very much ufed internally by them in this difeafe,. and thef 
ftridlly enjoin warmth and confinement during theflighteft 
mercurial courfe. Buboes advanced to fuppufatioti are opened 
by a lancer^ with a large ineifion. Which they do not allow to 
clofe before the hardnefs and tumor are gone. In ihort, I found 
very little room foff improving th^r pradice in this difeafe. I 
introduced the method of killing quickfilver with honey, gave 
them an opportunity of feeing it done, and had the fatisfkdion 
of finding it fuccefsfuUy ufed by themfelves before we left the 
country. 

This happy climate prefents us with but little variety in 
their 4iifeafes. Coughs, colds, and rheumatifm, are more fre- 
quent here than in Bengal. Fevers generally arife here from 
a temporary caufe, are eafily removed, and feldom prove fetaL 
The liver difeafe is occaiionally to be met with, and compl^nts 
in the bowels are not unfrequent ; but the groflhefs of their foo4, 
and uncleanlinefs of their perfons, would in any other climate fae- 
the fource of conftant difeafe and ficknefs. They are ignorant 
(ias we were,^ not many years ago) of the proper method of treat- - 
ing difeafes of the liver and other vifcera; this is, I believe, the 
caufe of the moft obftinate and fata^ difeafe to be met with ia 
the country, I mean the droply. As the Rajah had ever been 
deiirous of my aid and advice^ and had direded his do6lora to 
attend to my private inftruAions and praAice, I endeavoured to 
introduce a more judicious method of treating thofe difeafes by 
mercurial preparations. I had an opportunity of proving the 
advantage of this plan to their conviflion in feveral inftances, 
and of feeing them initiated in the pra^ice. 

The Rajah favoured me with above feventy fpeclmens of the 
medicines in ufe with them. They have many ioiti of ftones and 

petrifactions 
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petrLBidiobsrapoiiftceoustothe touch, which are employed a$ au 
external application in fwellings and pains of the joints. They 
often remove fuch complaints, and violent head*achs, by fumi- 
gating the part afie£l^ with aromatic plants and flowers. They, 
do not feek for any other means of information refpedtng the 
fiate of a pati^it than that of feeling the pulfe ; and they confi** 
dently fay, that the feat of pain and difeafe is eafity to be dif- 
covered, not fo much from the frequency of the pulfe as its 
vibratory motion. They feel the pulfe at the wrift with their 
three fore-fingers, firft of the right, and then of the left 
hand; after prefling more or lefs on the artery, and occa^ 
fionally removing oae or two of the fingers, they determine 
what the difeafe is. They do not eat any thing the day on 
which they take phyfic, but endeavour to make up the lofs 
afterwards by eating more freely than before, and ufing fuch 
medicines as they think will occafion coftivenefs. 

The many fimples in ufe with them are from the vegetable 
kingdom, colleded chiefly in Bontan. They are in general inofifen- 
five and vetj mild in their operation. Ca^rminafiv^s and aromatics 
are given in coughs, colds, and afiedions of the breaft. The 
centaury, coriander, carraway, and cinnamon, are of this fort. 
This lafl: is with them the bark of the root of that fpecies of 
Laurus formerly mentioned as a native of this country. Th? 
bark from the root is in this plant the only part which par- 
takes of the cinnamon tafte ; and I doubt veiy much if it 
couM be diftinguiflied by the beft judges from what we call 
the true cinnamon. The bark, leaves, berries, and fialks of 
many (hrubs and trees, are in ufe with them, all in deco£tton. 
Some have much of the aftringent bitter tafte of our moft 
valuable medicines, and are generally employed here with the 
fame view, to ftrcngtben the powers of digeftion, and mend 
4 the 
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the general habifi • Their principal purgative medicines ate 
brought by the Chinefe to Laffa**- They had not any medicine 
that operated as a vomit, till I gave the Rajah feme ipeoacu* 
anhsr,, who made the firft experiment with it on himfelf^ 

In bleeding they have a great opinion of drawing the blood 
fronra particular part* For head-achs they bleed in the neck ;. 
for pains ia the arm and (houlder, in the-cephalio^vein ; and of 
the breaft or fide, in the median ;• and if in the belly ; tAity bleed 
nx the bafilic veinr; They^ think pains of the.loweci extremi^ 
arc bcft removed by bleeding- in the ancle* They 'have a great 
prejudice againft bleeding in cold weather; nor is any urgency, 
or violent fymptom.thought a&thatrtime a fufficient reafon foe 
doing in 

They have- their luclcy and unlucky^ days for operatitig or 
taking any medicine ; but I have known them get the bettec* 
Qt this ptejqdrce, and be prevailed om 

Cupping is* noruchpradtifed by them; a hornv aboufrthe iize 
of a cupping glafs, fs^applied to the -party and bya fmall aper* 
ture- at^ the other end they extraft the air with their 
mouth; The part jis afterwards, fcarified with- a .laacet*^ 
This is often-done on the back; and- in- pain and 'Celling of 
the knee it is held te a fovereign remedy, I have often ad« 
mired their dexterity inr operating with bad inftruments.- 
Mr. Hamilton gave thenv^&me lancets^, and they- hav« 
imce.endeavouredi^with fomo Aiooefs^ to make them of thac 
form* They were very thankful for the few I could iparo 
tiiem. . In fevers they-ufe the Kuthullega. nut, well knowa 
in Bengal as* aivefficacious- medicine*- They endeavour to cure 
^e dropfy by external applications, and giving- a^cooipounded . 
aEiedicine made up of above* thirty difierent ingredients': thejf 
fbldom^ or never fucceed^ in- efieding a. cure^ of this difeaie^.. 
It Itopjainedc 
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I explained to the Rajah the operation of tapping, and (hewed 
him the inftrument with which it was done. He very ear- 
neftly exprefled a dcfire that I fliould perform the operation f 
and wiihed much for a proper fubjeft; fuch a one did not 
occur while I remained, and perhaps it was as well both for 
the Rajah's patients and my own credit ; for after having feen , 
it once done^ he would not have hefitated about a repetition of 
the operation. Gravelifli complaints and the ftone in the blad- 
der are, I believe, difeafes unknown here. 

The fmall-pox, when it appears among them, is a difeafe that 
flriketf them with too much terror and conftemation to admit 
of their treating it properly. Their attention is not employed in 
faving the lives of the infedled, but in preferving then^lves 
from the difeafe. All communication with the infected Js 
ilridly forbidden, even at the riik of their being itarved, and 
the houfe or village is afterwards erafed. A promifcuous and 
free intercouffe with their neighbours not being allowed, the 
difeafe is very (eldom to be met mth, and its progrefs 
always checked by the vigilance and terror of the natives. ^ 
Few in the country have had the difeafe. Inoculation, if 
wtt introduced, mufl be very general to prevent the devaflation 
that would be made by the infe&ion in the natural way ; and 
where there could not be any choice in the fubje£): fit to receive 
the difeafe, many mufl £dl a facrifice to it. The prefeut Ra- 
jah of Thibet was inoculated, with fome of his followers, 
when in China with the late Tifhoo Lama. 

The hot bath is u&d in many diforders, particularly in 
fsomplaints of the bowels and cutaneous eruptions. The hot 
wells of Thibet are reforted to by thoufands. In Boutaa they 
fubftitute water wanned by hot fbnes thrown into it» 

Vol. LXXDC. P I» 
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In Thibet the natives are more fubje^l to fore eyes and blind- 
nefs than in Boutan. The high winds, fandy foil, and glara 
from the refleftion of the fun, both from the fnow and fand^ 
account for this. 

I have dwelt long on this fubjeft, becaufe I think the know- 
ledge and obfervations of thefe people on the difeafes of their 
country, with their medical praftice, keep pace with a refine- 
ment and ftate of civilization, which ftruck me with wonder, and 
no doubt will give rife to much curious fpeculation, whea 
known to be the manners of a people holding fo little inter- 
courfe with what we term civilized nations. 

Dec* f. Left Tiflioolumbo, and found the cold increafe 
cvefy day ^s we advanced to the fouthward, mpft of the run- 
ning wate?s frozen, and th? pools covered with ice ftrong 
enough 'to carry. Our thermometer having only the fcale as 
low as 16% we could not prccifely determitte the degree of 
cold, the quickfilver being under that every morning. The 
froft is certainly never fo intenfe in Gre^t-Britain. On our 
return to the lakes the 14th, we found them deferted by the 
water fowl, and were informed that they had been one iblid 
piece of ice fince the 1 oth of Noycfnpber. Here we refumed 
our amufement of ik^iting, to the ^reat aftoni&ment of the 
natives and Bengal fervants. 

On the I7lh we re-entered Boutan, and in fix dayi riiore 
arrived at Punukha by Paraghoii^ No fnow or froft td be cnet 
with in Boutan, except * towards thq tops . of their higheft 
mouiitalns ; the , thermometer rffipg to '36* in the momiag, 
and 48* at noon. • * 

Took leave of the Debe Rajali^ an4 <« *^« ^^th aVriVed 

at BuxaduaV; *' ' 

Calcutta, Feb. ly^ 17S4. .- . . . 
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AS Lac is the produce of^ and a ftaplc article of commerce iu 
Aflam, a country bordering on and much conneded with Thi- 
bet, fome account of it inay not be an improper 'fuppletqent 
to the above remarks. 

Lac is, ftridWy fpeaking^ neither a gummy nor refiuousfuh- 
ftmcei tboi^h it has fome properties in common to both. 
Gams are foluble in water, and refina in fpirits ; lac. admits of 
ft very difficult union with either, without the mediation of 
fome other agent- ; ^ 

* lAt is. known in £)urope by the different appeiktions of 
ftick lac, feed lac, and fliell lac. The firft is the lac in pretty 
cOniiderable lumps, with much of the woody parts, of ithe 
branches on which it is formed adhering to it. Seed lao is Only 
the (tick lac broke into fmall pieces, garbled, and appearing in: a 
gtanulated form. Shell iac b the purified lac, by a very fimplc 
procefs to be mentioQed afterward. 

Many vague and unauthenticated reports concerning lac have 
reached the public ; and thovgh amongft the multiplicity of ac^ 
eouhta the trud hiflory of this fobftaiKe has been nearly hit 6n, 
little credit is given in Europe ta any defcription of it hitherto 
publifhed. My obfervations, as far as they go^ are the refult of 
what I have ieen^ from the lac on the tree, the progrefs of the in-» 
fe^ now in my cuibody, and the information of a gentleman re** 
fiding at Goalpara on the borders of Aflkm, who is perfectly 
verfant in the method »of breeding the infe^, inviting it to the 
tree, collecting the lac ftorx the branches, a^d forming it into 
ihell lac^ ill which ftate much of it i^ received from AiTam, 
and elLported to Europe for various great 4nd ufeful purpofes* 
The tree on which this fly moftcommonly generates is rknown 
Hi Bengal by the name of the Biher tree> and is a fpecies of 

P a tl>e 



the Rhamnus* The }fly. \% ^ourifhed bjr the tree, and there 
depofits its eggSi which uatui^ h^ pixnrided it with the 
means of defending from external injurj by a colledion of 
this lac, evidently ierving the twofqld purpofe of a nidus and 
covering to the ovum and infoK in it& Bcft ^^e, and. food for 
the maggot in its more/^vanced ftate» The lac is formed into 
comptece cells, fiai(had with a$r. mnch regularity and art as a 
honey-comb, but^ differently arranged* The flies are invited 
' to depofic their egg» on the branches of the tree, by belmtearing 
them with fome of the freih lac fteeped in water, whichr 
attra€ka the fly» and gives a better and larger cn^. 

The lac is coUeAed twice a jpear^ in the months of Febmarjr' 
and AugulL 

I have examined the egg of the fly with; a very good mr« 

crofcope ; it i» of a very pure red, perfedHy tranfparent, except 

in the centre, whece there were evident macka of the embryo 

forming^ and opaque ramifications pafling off firom the body 

of it. . The iCgg is perfedly oval, and about the fose of au 

ant's^ egg^ The naggot is about the one-eighth of an inch 

long, formed of many rings (ten or twelve) with a foiali red 

head; when feen with a microicope, the pgrts of the head 

wve eaiily difti^iihed* with fix fmall fpecks on the breafV, 

fomewhat proj^£li»g, wlwhfeemed to be ther incipient formation 

of the fcet« This;ma|;gDt is now in my cufto^, in the form 

of A^^ nymph or cryfa^, its annular coat forming a ftrong 

coveting, from which it ;(}KiuldiiflU6 forth a fly. 1 have nevet 

ieei) the^fly, and ctmu>t therefore describe. it more fuUy^ or 

deter<QiilQ,it8 geiuis4n)d:ipecies4.. lampromifod a drawmg of 

the mifSt in. its, diiieMat. ila|;e6^ : and ifaaU :be: able foon ito add 

to ft totanical defcripltQa: iof Jiie:^^anC in^ndsawing of the 

bcancjb^ wi^ Xbe 4ifii^iltvpgrt»^€lf::fto<Uflcitt^ andiac on St. ; 
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Tiie ^ntleman to whom 1 o^'e ^tt'bf my infbrmattoh 
terms the lac thcexcrement of tlie ia^lcA. Ojt^ a more minuto 
inveftigatioii, howeveuv we may* not lind ifA^re (b than the 
wax or honey o£ the bee, or (ilk of th6 Alk^twurm. Nature 
has provided moft infeds with the m^dne t{ fecretihg a fub** 
flauce which generally anfwers the twofold 'puttie of de^ 
fending the embiyo, andfupplying fioiirilhm^nt to the inXtOi' 
from the time of its aninkticn ' till abte to winder abroad iti 
queft of food. The freih lac contains within its cells a liquid^ • 
fwoedfh to the tafte, and of a find t«d tolour^ mifcible in^ 
water. The natives of Aifam nfa it'^s a^-dye, *atYd eotton 
dqypod in this liquid. makes afrenyard^ a vSery good red 'ink.*^ ^ 

The fimple operation of purifying lac is pra^lifed zi fcilloWs. "* 
It is broken into fmall pieces, and picked from thebraflthesadd 
flicks, when it is put into a fort of cs^nvas bag of ibout .four 
feet long, and not^above iix incherin xmttinifiBtfeiice« Two6f 
thefebags are in conftant x^e, and eaoh of thefpr held by two 
meo. The bag is~ placed over* a ^re, and frequently turn^ - 
till the lac is liquid enough to '{>afs through it^ pores, wh^mil 
is taken off the fire, atod fqoeettd by two men ill different 
dlre&ions, dragging it along the convex part of a . plantain- 
tree prepared for the pUrpofe; vpiiile thifr is dMng,- the 'other 
bag is heating, tobetseited in the fabse way. The mucila^ 
ginous and fmooth furface of the plaDtatn^tret feen\s pecu- - 
liarly well adapted for pieventing th6 adhe(k>n of the heated 
laCy and giving it the form which enhances icd^value fo much. ' 
The degree of preflbrS' on the pladtain««tree regulaMs' the ' 
thicknefs of the fheU, and thei quality ^6f the bag ddiermtnes^ 
its fiheneis and tranfparency. Th^ h^elearned of Istei that 
the lac which is thicker inrri^e (Kell'tKaM itq^fed^toW, isffioft 
prized in Europe. Affiim: foraiihcs^ us/vi^ith tbe greats quMi^'^ ' 
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'tity of lac in ufe ; and it may not be generally known, that 
the tree oh whicli tfeey produce the beft and largcft quan« 
tity of laC is not uncommon in Bengal, and might be cm- 
ployed in propagating the fly, and cultivating the lac, to great 
advantage. The fmall quantity of lac colledled in thefe pro- 
evinces affords a precarious and uncertain crop, becaufe not 
attended to. Some attention at particular feafons is necef- 
fary to invite the fly to the tree ; and colle6!ling the whole of 
the lac with too great an avidity, where the infeft is not very 
jgenerally to be met with, may annihilate the breed. 

l!*he befl method of cultivating the tree, and preferving 
the infeft, being properly underftbod in Bengal, wotild fecure 
to the Cofs pofleflions the benefit arifing from the fale of a 
lucrative article, in great demand and of cxtenfive ufe. 



Stages and diftance from Rungpore to TafTefadon and Tifibo- 
lumboo, in computed cofles and miles, two imles to a cofs* 



ColTes. M. F. 



1 783, From Rungpore to 
May 6. Calamaty Plains 
8. To Mongulhaut 
9* To Belladinga 
io. ToBahar 

1 1. To Chichacotta in Boutan 

1 2. To Buxaduar 
%i. To Joogagpo 

23. To Murifhoug - • 

25^ ToChocka 




FnduSiions of Boutan and ThIBct; 


IT^f 


Cofle*. 


M. F. 


Brought over 66 


132 4 


1783, May 26. To Punuka - - 7 


14 


27. To Chepta - - 5 


10 0. 


29. To Pagha * " 5 


10 


30. ToNumloo - - 4. 


8 


31. To Wanakha - - 4 


8 


June I. To TajSefudon, capital of Boutan 3 


6 


94 


188 4. 


Sept. 8. To Pimitung - - 7 


14 


9. To Paraghon - - 6 


12 


II. To Dukaigun - - 4 


8 


12. ToSanha - " 5 


10 


13. To a tent on Thibet ground - 8 


16 


14. To Chichakumboo, Thibet - 4 


8 


15. ToDuina - - 10 


20 


16. ToChalu - ■ >5 


30 


17. To Simadar " " 9 


18 


18. ToSelu ... 17 


34 


19. ToTakui - - 9 


18 o. 


20. To Dequini - - 14 


28 


21. To Sehundi - - 15 


3« 


22. ToTiffoolumboo, capital of Thibet 7 


14 


224 


448 4 
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Jan. I 


8 o| 43 , 


49 
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I 


Cloudy. 
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5' 
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S 


I 


Fine. 


2 


8 


48 


49." 
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S 


2 
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■ 


2 


48 


52 


29,24 




S 


2 


Rainjr. 


3 


8 


^3 


50 


*5'2' 
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S 


2 


Fair. 




2 


46 


5a 


28,89 




S 


2 


Rainy. 


4 


8 


43 


SJ 


29,13 


0,024 
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Fair. 




2 


44 


56 
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Fine. 


S 


8 


37 


5* 
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SW 




Fine. 




2 


40 


56 


29,32 




SW 




Fine. 


6 


6 


•42 


P 


29,16 




SW 




Cloudy. 




2 


42 


29.06 




SW 




Cloudy. 


7 


8 


37 


5a 




WSW 




Cloudy.- 




2 


41 


54 


29.78 




W 




Cloudy. 


8 


8 


39 


Sa 


29.96 




ENE 




Cloudy. 




2 


43 


53 


30,01 




ENE 




Cloudy- 


9 


8 


40 


5» 


30,18 


a,oao' 


E 


'2 • 


Rainy. 




2 


40 


5* 


30,17 




E 




Cloudy. 


10 


8 


37 


5» 


30,21 




ENE 




Cloudy. 




2 


40 


53 


30,21 




NE 




Cloudy. 


II 


8 


37 ; 


5» . 


30,32 




N£ 




Cloudy, 




2 b 


3f 


53 


30»36 




NE 




Cloudy. 


12 


8 


36 


5a 


30,38 




W 




Fogigy. 




2 


39 


53 
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WNW 




Fine. 


»3 


8 


39 


5a 


30,21 




WNW 




Cloudy. 




2 


41 


53 


30,11 




WNW 




Cloudy. 


H 


8 


36 


5a 


29.98 




w 




Fine. 




2 


41 


53 


3o,ig 
30,48 




w 




Cloudy. 


IS 


8 


27 


50 
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2 


33 


5a 


30.56 




WNW 
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16 


8 


26 


50 


30,68 
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2 


36 


..5» 


30.70 




WNW 1 |Fine. | 
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Jin. 17 


8 


33 


50 


30»66 




W 


I 


Foggy. 




2 


40 


53 
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W 


I 


Cloudy. 


18 


8 


36 


50 
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Cloudy. 




2 


45 
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Cloudy^ 


»9 
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37 


50 
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43 
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8 
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44 
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8 
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35 
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Inch. 


Points.' ,Str. 




Feb. 1 


8 





32 


50 


30,00 




£SE 




Cloudy. . 




2 





33 


<o 


29,87 




ESE 




Cloudy. 


2 


8 





29 


50 


29,06 




N 




Cloudy. 


. 


2 





37 


5' 


29.5s 




NW 




Cloudy. 


3 


8 





43 
46 


50 


29,26 


0,076 


WSW 




Cloudy. ' 




2 





52 


29,40 




WSW 




Cloudy. 


4 


8 





35 


50 


29.73 




SW 




Foggy. 




2 





42 


^3 


29177 




SW 




Fine. 


5 


8 





40 


JO 


29,70 


0,112 


E 




Cloudy. 




2 





46 


52 


29,71 




E 




Cloudy. 


6 


8 





35 


5» 


30»»5 




W 




Foggy. 


■ 


2 





45 


53 


30,18 




W 




Cloudy. 


7 


8 





3? 


52 


30.21 




NE 




Foggy. 




2 





46 . 


54 


30,21 




'■ NE 




Cloudy. 


8 


8 





32 

38 


53 


3°''3 
29,98 




NE 




Cloudy^ 




2 





S3 




NE 




Rainyi 


9 


8 





33 


5' 


29.80 


0,067 


NNE 




Cloudy, 




& 


.0 


33 


53 


29»73 




NNE 




Cloudy. 


10 


8 





33 


51 


29.73 




N 




Cloudy. 




2 





35 


S» 


29,77 




NW 




Cloudy. 


. II 


8 





38 


50 


29,89 
29,98 




SE 




Cloudy. 




2 





45 


54 




SSW 




Cloudy. 


12 


8 





^ 


51 


30,21 




SW 




Foggy. 




2 





48 


52 


3Q»i6 




SW 




Cloudy, 


»3 


8 





43 


52 


29.94 


0,040 


SW 




Small rain. 




2 





49. 


54 


29,97 




w 




Fair. 


»4 


8 





40 


52 


30,12 




w 




Cloudy. 




2 





49 


54 


30,06 




w 




Cloudy. 


»5 


8 





44. 


53 


29>86 


0,146 


WNW 




Cloudy. 




2 





50 


t6 
54 


29)85 




NW 




Fine. . 


j6 


8 





41 


29176 
29,65 


0,053 


WSW 




Rain. 




2 





47 


56 




WSW 




Fair. 



at&T Bf* 



I "7 J 



METSOROLOOICAI. J o'u R N A I. 


• 




for February 


1788. 




Time. 


Therm, 
ivithout 


Therm, 
within. 


Barom. 


Rain. 


Windj. 


Weather. 


1788 






























H. M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




Feb. 17 


8 


46 


56 


29,71 




W 




Cloudj. 




2 


47 


56 


a9>75 




SSW 




Cloudy. 


18 


8 c 


33 


53 


29.83 


0,132 


E 




Cloudy. 




2 


39 


53 


29.79 




ESE 




Fair. 


»9 


8 


39 


5a 


29»45 




£ 




Cloudy. 




2 


44 


54' 


29.33 




SSE 




Fine. 


20 


8 


39 


51 


29,02 


0,032 


£ 




Cloudy.* 




2 c 


4a 


54 


28,91 




E 




Cloudy. 


ai 


8 


41 


52 


28,71 


0.235 


E 




Rainy. 




2 c 


4.7 


54 


28,65 




SSE 




Rainy. 


22 


8 


44 


53 


28,76 


0,325 


SW 




Cloudy. 




a 


47 


54 


28,94 




WSW 




Cloudy. 


*3 


8 


41 


53 


29.05 




SW 




Fine. 




2 


48 


54 


29,08 




SSW 




Fair. 


24 


8 


4a 


53 


28,98 




ESE 




Cloudy. 




a c 


44 


54 


28,91 




NE 




Rain. 


as 


8 


39 


53 


29.33 


0,168 


NW 




Cloudy. 




2 


43 


^4 


29.50 




WNW 




Cloudy.. 


' 26 


8 


30 


52 


29,62 




WNW 




Fine. 




2 


45 


54 


29.56 




W 




Fair. 


27 


8 


4» 


5a 


29,31 


0,038 


£ 




Rain. 




1 


44 


54 


29,35 




E 




Cloudy. 


28 


8 


4» 


5* 


29,50 




E 




Cloudy. 




2 


44 


53 


29.47 




£ 




Cloudy. .. 


29 


8 


4* 


53 


29,28 


0,037 


SE 


• 


Cloudy. . 




2 


48 


54 


29^20 




SSE I 


Cloudy.. 



MJ^T £«- 



{ liS J 





METBOROLOGICAL J VR N A I. 1 


£<»: March 1788. 




Time. 


Therm, 
without 


Therm, 
within. 


Barom. 


Rain. 


Windi. 


Weather. 


1788 














y 


H. M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




Mar. I 


7 o 


ZS 


53 


19.43 
29,48 




SWbyS 




Fine, 


1 


2 


45 


54 




SSW 




Fair. 


2 


7 o 


41 


5a 


29,5a 




£ 




Cloudy* 




2 O 


42 


53 


29,63 




£SE 




Cloudy. 


3 


7 


35 


51 


29,90 
30,08 




£ 




Cloudy, 




2 


-^5 


53 




£ 




Fair. 


4 


7 


36 


5» 


30.03 




NW 




Foggy* 




2 O 


4* 


53 


29,92 




W 




Fair, 


5 


7 o 


33 


51 


*9'f7 




NNW 




Cloudy. 


, 


2 O 


4« 


53 


29,88 




W 




Fair. 


6 


7 o 


39 


5» 


29,34 


o,b75 


wsw 




Fair. 




2 O 


43 


53 


29,45 




WNW 




Cloudy* 


7 


7 o 


34 


50 


29,43 




NW 




Fair. 




2 


40 


51 


29,51 




NW 




Fair, 


8 


7 o 


28 


48 


.29.52 




NE 




Fair. 




2 O 


39 


50 


29.54 




NE 




Fair% 


9 


7 


29 


48 


29.59 




NE 




Fain 




2 O 


39 


49 


29,64 




£NE 




Fair. 


10 


7 o 


32 


47 


29,89 




£N£ 




Fin^* 




2 O 


3^ • 


^? 


29,97 




£N^ 




Fair. 


II 


7 


28 


46 


30,06 




ENS 




Fincrf 




2 O 


38 


50 


30,08 




ENB 




Fine 


12 


7 o 


29 


47 


30.03 




E 




Fioe* 




2 O 


39 


51 


30,00 




EKE 




Fine. 


■n 


7 o 


29 


*2 


29,84 




fiSB 




Cloudy* 




2 O 


32 


48 


29.73 




ESE 




Clouijy* 


»4 


7 6 


3» 


46 


29.52 




E 




Fine. 




2 


39 


4? 


29.44 




ESE 




Faifk 


»5 


7 6 


36 


46 


29.44 


■ 


ESE 




Cloudy. 


^ 


2 O 


40 


49 


29,46 




ESE 




Cloudy* 


16 


7 o 


38 


47 


29,46 


0,120 


ESE 




Cloudy. 


1 a 01 37 


47 . 


29,46 




ESE 


2 


Cloudy. 



M £ TS« 



I "9 3 



METEOROLOOICAL JOURNAL 

^ March 1788. 



1788 



Mar. 17 
18 

'9 

20 

21 
22 
23 

as 

26 
27 
28 
29 
30 

3» 



Time 



H.A1 



7 
2 

7 

2 

7 

2 

7 
2 

7 

2 

7 
2 

7 

2 

7 
2 

7 
2 

7 

2 

7 
2 

7 

2 

7 

2 

7 

2 

7 

2 



Therm 
without 



Deg. 



Therm, 
within. 



Deg. 



Barom. 



Inchei. 



Inch. 



33 
33 

33 

36 
4i 
4« 
SO 
44 
52 
43 
47 
39 
44 
40 
SI 
46 

S* 
40 

53 
4a 
S» 
46 

S6 
46 
S6 
SO 

J2^ 



46 

47 
46 

49 
47 
49 

47. 
50 

49 
S3 

50 

53 
SO 
S3 
49 
S3 
SI 
S4 
SX 
S5 
S4 
S7 

ss 

SI 

ss 

58 

S8 



^9fSO 
29»Sa 
29,68 

^9.75 
30,00 

3O1O3 

a9»74 
29,76 
29,72 
29tS7 
29148 
29f32 
^9.47 
29,61 

29.59 
29,52 

29fS8 
29,60 

29*52 

29>52 

a9t44. 
29*45 

29.57 
29,9a 
30,01 

29.95 

29,90 
29,63 

2^^68 



Rain. 



0,070 



0,071 



Winds. 



Points. iStr. 



ESE 

£SE 

ESE 

ESE 

SEbyE 

SEbyE 

S£ 

SW 

SSW 
SW 

SSW 

SSE 

N 

N 

SW 

SSW 

SSW 

SSW 

SSE 

SSE 

s 

SSE 

SSW 

SW 

WSW 

w 

WSW 
SW 

w 
w 



Weather. 



Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Pair. 

Fair. 

Cloudy. 

Fair. 

Fair. 

Fair. 

Cloudy. 

Cloudy. . 

Cloudy^ 

Cloudy. , 

Fair. 

Hazy. 

Cloudy, 

Fair. 

Fine. 

Fine.. 

Fioe. 

Fine. 

Fair. . 

Fair. 

Cloudy. . 

Fair. 

Cloudy. 

Fine. 



2 

2 

2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

2 

2 

2 

2 

2 

2 

2 

2 

I 

2 

2 

2 

I 

I 

I 

2 

2 iFine. 

2 (Fair. 



M £^ T £«- 



% :iio 3 



MSrXOKOLOOtCAL JOURNAL 




for April 1788. 




Time. 


Therm. 


Therm. 


Baron^. 


Rain. 


Wind*. 




1788 




without 


within. 








Weather. 


















H. M. 


Deg. 


Deg. 


Inohet. 


Inch. 


Polntt. iStr. 




April I 


7 


47 


56 


29,72 


0,390 


W 2 


Raii^. 




2 


5S 


60 


49.74 




WNW 


2 


Pair. 


a 


7 


46 


57 


30,09 




W 


2 


Fair. 




2 


S8 


60 


30,02 




w 


a 


Fair. 


3 


7 


47 


& 


29,72 




w 


2 


Fair* • 




2 


54 


29,50 




w 


2 


Fair. 


4 


7 


43 


11 


29,67 




NW 


2 


Cloudy. 




2 


40 


a9,75 




NWbyN 


2 


Hail. 


5 


7 


40 


55 


29.97 




NNW 


2 


Cloudy. 




2 


. 4« 


57 


30,10 




N 


2 


Cioudy. 


6 


7 


4a 


55 


30,22 


o,oao 


W 




Fair. 




2 


S» 


56 


3P>^3 




w 




Clouc^. 


7 


7 


48 


'! 


30,27 




w 




Cloudy. 




2 


S* 


30,30 




WNW 




Cloudy. 


8 


7 


s« 


si 


30.39 




WNW 




Cloudy. 




2 


JS 


it 


30,4* 




WNW 




Cloudy* 


9 


7 « 


30,48 




WNW 




Fair. 




2 


59 


59 


30,47 




NNW 




Cloudy. 


10 


7 


5» 


57 


3o,+o 




E 




Cloudy. 




2 


59 


59 


30,30 




£SE 




Fine. 


II 


7 


*9 


57 


30,16 




E 




Fine. 




2 


5| 


59 


30,07 




SE 




Fine. 


12 


7 


48 


57 


29.97 




SSW 




Fine. 




2 


56 


58 


30.09 




SSW 




Fine. 


»3 


7 


45 


57 


30,28 




SW 




Fine. 




2 


59 


6t 


30,25 




SWbyW 




Fine. 


»4 


7 


45 


58 


30,06 




W 




Fine. 




2 


53 


61 


30,00 




W 




Rainy. 


«5 


7 


43 


57 


30,03 


0,097 


W 




Fine. 




2 


5» 59 


30.06 




W 




Fair. 


16 


7 ^^ 


45 57 


30,11 W 




Fair.- 




2 


53 59 


30,11 W 




Fair. 



MBTB* 



[ '2, •] 





METEOROLOGICAJL JOURNAL 








for April 1 7«8. 




Time. (The rm. 


Therm. 


Barom. 


Rain. 


Wihds. 




1788 






without 


withta. 








Weather. 




m^^ 
















H. 


M. 


Dcg. 


Deg. 


Inchei. 


Inch. 


Points. 


3tr. 




Apr. 17 


7 





48 


58 


30,09 




W 


Cloudy. 




2 





55 


60 


30,09 




W 




Cioudy, 


18 


7 





SO 


59 


30,21 




W 




Fair. 




2 





62 


61 


30,26 




N 




Fair. 


19 


7 





54 


60 


30.27 




£ 




Fair. 




2 





65 


61 


3°»24 




S£ 




Fine. 


20 


7 





52 


60 


30.03 




SSE 




Fine. 




2 


Q 


67 


61 


29,88 




SSW 




Fine. 


21 


7 





45 


59 


29,76 


0,100 


SW 




Fine. 




2 





56 


60 


29.70 




wsw 




Fine. 


22 


7 





46 


59 


29.95 




SW 




Fine. 




2 





55 


61 


29,90 




SW 




Cloudy. 


23 


7 





n 


60 


29,91 




wsw 




Cloudy. • 




2 





61 


29,89 




w 




Cloudy. 


24 


7 





47 


60 


29'9S 


' 


w 




Fine. 




2 





56 


60 


30,01 




WNW 




Fine. 


25 


7 





49 


53 


29.97 




WNW 




Fair. ' 




2 





57 


61 


29,96 




WNW 




Fair. 


26 


7 





54 


59 


30,15 




w 




Cloudy. 




2 





61 


60 


30,18 




WbyS 




Fair. 


27 


7 





48 


58 


30,28 




SW 




Fine. 




2 





63 


61 


30,a8 




WSW 




Fine. 


28 


7 





47 


59 


30,34 




W 




Fine. ■ 


■ 


2 





66 


60 


36,28 




SE 




Fine. 


29 


7 





55 


60 


30,*7 




ESB 




Fine. 




2 





68 


63 


30,22 




ESft 




Fine. ; 


30 


7 





55 


65 


30,22 




ESE 




Fine. 




2 





68 


63 


30,20 




ESE I Iffine. ' , J 



Vol. LXXIX. 



R 



ikl£ T E' 



i »«»« ] 



MtTSOROLOGICAL JOURNAL 


1 fbrM^yf7«8. 




Time, Tircrm | 


Therin. 


$arom, jj,aii 


Is 


WimI*. 






1 


(lithout 


ivitliin. 






Weather, 


' 1788 














H. M. 


Dcg. 


!>»=£. 


■—1- ■■"i I——-., 
int^ci. incl). 


Points. 


6tf. 


i 


Vlay 1 


7 


54 


60 


30, 18 




ESE 


'^ ve^ 


Fin«, 




a c 


. 69 


6^ 


30.16 




ESE 




fine* .. . 




2 


7 


S6 


61 


30,14 




N£ 




Fine. . , 


'?! 




a 


7i 


64 


3°. '4 




E 




Kmc* fM ,. 




; 3 


7 


SO 


60 


3°-3i^ 




ENE 




Cloudy •- 




2 


57 


6i 


30.3« 




ENE 




Fair. 


4 


7 


SO 


60 


30>=^ 




NE 




Clottdy. 


(, 


2 


ss 


61 


30.27 




NNE 




Fair, j 


5. 


7 


5* 


60 


3q,aa ! 




ESg > 




Fine* ^ II 




a. 


64 


6i 


30. '4 




ESE 




Fine, ^ 


6 


7 


S4 


61 


30)02 




' ESE 




Fine, 




a 


68 


6a 


29,98 




ESE 




fine. 


7 


7 


. 57 


61 


29,88 




SSK 




Fair. 




2 


64 


63 


39.86 




SWbyS 




CbudjT. 


8 


7 


54 


61 


29.96 


0,025 


ssw 




Fine. . . 




: a 


66 


64 


29-93 




ssw 




Fine. U ♦ f 


;' 9 


7 


5J 


t2 


29,91 




ssw 


I 


Clou^, ! 




2 


t,4 . 


64 


! 29.86 




sw 




Fair.. 1 


10 


7 


53 


6* 


29 93 
2«),98 


0,080 


wsw 




Ftno- ;. V - 




2 


ta 


63 




w 


J 


Fine 


1 II 


7 


49 


, 6q 


30,16 




WNW 


i ^' 


Cloiu^, 




2 


64 


6a 


30,17 




wsw 




?atr. 


i '^ 


7 


55 


60 


30,27 




W&W 




'Fair, 




3 


64. 


. 6^ 


30,26 




SSE 




Fail* 


■ 13 


7 


i* 


) 6q 


30.3' 




EbyS 




fioe. 1 




2 


54 


i 64 


30,28 




ESE 




Fine. 


1 H 


■ 7 


5?^ 


1 60 


30,18 




NE 




Hazy» 
Cloudy* 


» 


a 


S^ 


59' 


30,16 




E 


2 


■11 '^ 


^7 


5» 


' 59 


30,12 




ENE 


a 


Fatr* 




2 


58 


60 


30.05 




ENE 


^ 2 


Cbttd^p 


16 


7 


SO 


59 


29,85 


0,030 


E 


2 


Rnjny. 




* 


bi 


60 


a9'92 


1 £ 1 2 


Fine. 



M. B T: E-^ 



t ««s ) 



JS«TC(iftOLOCiCAl. J«lr k iT'A't 




Ibf Maf i;^^. 




rime. [The'rni. |Then»w 


B«ro4. 


tUio. 


Winds. 




1788 




«rithout 


trithin. 


1 


t 




WcatheJr. 


H. M. 


Dcg. 


', Mg' 


Ibchcs. 


[|IC«. 


P«mt«i 


Sn. 


! 

' '' i 


iWayi; 


7 


H 


60 


29,96 


0,0 j|f 


E 


2 


Fair; 




2 


08 


61 


29,di 
«9.f7 




E9E 


2 


Fatr^ J 


18 


7 


5f 


5* 




E 


•I 


fclotidy, 
HaHi^. 1 




2 


59 


61 


a9,87 








»9 


7 


I* 


6b 


29.^9 


0,2 to 


Ni 




Cimdy. 




2 


61 


60 


29.^3 




NNlE 




Clcnriy, 


30 


7 


55 


60 


30. >3 




UtiE 




Fiiwi 




2 


70 


6t 


3»,«5 




U 




Fine. 


SI 


7 


55 


60 


30.^8 




H^ 




Finrs 




2 


70 


6t 


3o,i8 




wsV 




?irte. 


22 


7 


^ 


6t 


3o;d8 




8\? 




Mne.' 




2 


6j 


3D>«7 


- 


wsIrt 




Moe.' 


23 


7 


s 


6J 


30.^ 




sv(r 




ZlmHy^ 




2 


6< 


6j 


30, i6 




«^ 




CI*idy. 


«4 


7 


57 


U 


J0,<« 




s^ 




'in^ 




2 


1* 


3D,02 




ssKr 




?ii«» 


25 


7 


*3 


65 


30.<» 


' 


s 




'ine» « . 




2 


75 


69 


^,<*2 




S6»r 




'in*.' 


26 


7 


63 


•7 


30,cto 




Sfibj 


S 




fine* ; • 




2 


13 


' 7» 


P,do 


■ 


i ss: 


; 




rine.. i 


27 


7 


P 


70 


' ^y^S 




f 8E 






'im* I • • 




2 


80 


73 




SB 






•inc.. • 1 


28 


7 
2 


67 
73^ 


7d 
7< 


29,711 




E 

sst 


t Fine. 

1 HMtr- 




29 


7 6 


J* 


'2 


! 29*^ 


0,071 


; »VJt 




:ioiid}-. 






2 <o 


61. 


68 


a9,6f7 




: \ 




^londjT* 




30 


7 


5*^ 


66 


29,71 




: El' 




Cl<Midy. 




2 


35 


65 


29,75 




: Ei 




Cloudy* 


3« 


7 


52 


'■ 64 


29,88 




: »^^ 1 




Cloudy. 


2 0! 


58 


:*? 


*9»9K 




LJl. 


1 1 


Cloudy. 



E 2 



METE- 



t 1*4 ] 



M.STEOROLOGICAL JOURNAL 


for Junp 1788. 




Time. 


Therm. 


Therm. iBaroib. 


Rain. 


Wiods. 








without 


within. 








Weather* 


1788 






























H.M. 


Deg. 


Deg. 


Inchds. 


Inch. 


Points. 


Str. 




June I 


7 


52 


6p 


•30,(52 




E ■ 




Fair. 




a 


64 


68 


29.^9 




e; 




Cloudy, 


2 


7 


54 


6a 


29,98 




SSE 




Fine. 




2 


68 


63 


29,98 




SSE 




Fine. 


3 


7 


■56 


62 


30,02 




E 




Fair. 




2 


•67 


63 


30,p2 




E 




Fine. 


4 


7 


57 


•63 


30,00 




WNVV 




Fine. 




2 


62 


63 


30.04 




WNW 




Cloudy. 


5 


7 


52 


62 


30,22 









Fine. 




2 


68 


•63 


30.28 




w 




Fine. • * 


6 


7 


60 


63 


30,20 




w 




Fin^. 




2 


72 


66 


30,08 




sw 


* 


Fine. 


7 


7 


. 60 


65 


30,00 




w 




Fair. \ 




2 


• 72 


66 


29,^7 




w 




Fair. 


8 


7 


t 


61 


30,08 


0.035 


1S6 

ESfe 




Fine. ' • 




2 


63 


30,10 






tine. 1 


9 


7 


52 


62 


30. »7 




ENE 


2 


Cloudy. 




2 


64 


63 


30,19 




NE 


2 


Fine. 


10 


7 


55 


. 62 


30,21 




N 


2 


Fine. 




2 


69 


64 


30,1,8 




ESE 


2 


Fine. 


II 


7 


55* 


63 


30'i5 




NE 


I 


Fine. 


. 


2 


67 


. H 


30,08 




NE 


1 


Fine. 


12 


7 


54 ■ 


63 


30,06 




NNE 


I 


Fine. 




2 70 


66 


30.04 




NE 


I 


Fine. 


13 


7 57 


63 


30,06 




^NE 


2 


Fine. 




2 70 


66 


30,06 




NNE 


2 


Fine. 


14 


7 o| 58 


64 


'30,07 


s 


NNE 


1 


Cloudy. . 




2 67 


65 


30,06 




NNE 


I 


Cloudy. 


»5 


7 0' ^9 


65 


30>05 




NNE 


I 


Fine.c. 




2 72 


66 


30.03 




N 


I 


Fine. 


' ■ 16 


7 0, 59 


59 


30,00 


0,120 


N 


I 


Rain. 




a 0' 68 


66 


29,96 




N 1 1 


Fine. 



M E T fi- 



t '»5 J 



MB,TB0R0I-0OICAL J O.U R- N A L 


jfor J^unc 1788. 




Tim£. 


Therm, 
without 


Therm, 
within. 


9eroia. 

i 


Rain. 


• winds. 


Weath^, 


1788 


1 


















1 






H. M. 


Deg. 


.!><«.. 


{ncbei. 


loch . 


I'oints. 


Str. 




June 17 


7 


60 


6S 


29.99 




N 


» 


Fine. 




a 


- 80. 


67 


29.95 




N 




Fine. 


18 


7 


65.. 


.69 


39,87 




£ 




Cloudy. 




a 


7.0 


70 


29,84 




SSE 


• 


Cloudy. 


^9 


7 


6^. 


69 


29,81 


0,023 


SSE 


• 


CIouc^. 




a 


66 


68 


29.87 




S 




Raia., 


20 


7 


sft 


67 


29.94 


0,060 


SE 




Cloudy. . 




a 


60 


67 


29,94 




S£ 




Rain. 


21 


7 .0 


60 


66 


29,98 


0,030 


•NNE 




Cloudy.. 




a 


60 


.67 


29,98 




N 




Cloudy. 


22 


7 c 


63. 


66 


29,98 




NNW 




Fair. 




a 


7 a. 


68 


a9,q^ 
29,80 




NNW 




Fair. 


23 


7 


6a 


66 




W 




Pine. 1 


%f 


2 


^'1 


67 


29,75 




ssw 




Cloudy. 


24 


7 


S8 


66 


29,70 


L ' 


ssw 




Fair. 




a 


M 


66 


29,68 




ssw 


• 2 


Cloudy. 


25 


7 


•5.8 


66 


29.63 


0,24s 


sw. 




Fair. 




a 


. 65- 


67 


29,60 




sw 




Cloudy. 


a6 


7 


58 


66 


29,61 


0,050 


wsw 




Cloudy. 




2 


'63 


66 


29,57 




sw by S 




Cloudy, hcary numviththuna. 


27 


7 


S8 


65 


29»53 


2,116 


SW by S 


' I 


Fair. 




a 


. 7» 


67 


i29.49 




S 




Fair. 


28 


7 


59 


66 


29,54 


0,285 


SSE 




Rain. 




a 


63 


66 


29,54 




SE 




Rain. 


af 


7 


57 


65 


29.73 


0,3" 


SE' 




Cloudy. 




2 


64 


65 


29.79 




SE- 


I 


Cloudv. 


30 


7 


59 


64 


29,86 




W 




Cloudy. 


1 


2 


67 


65 


29.9^ 


w 1 


I Cloudy. I 



M E.T E— 



t »*« J 



1 M S T 80 Jl I, 00 IC A t | 


<>UR N Ah 


^M.iM^ 


foac July 1788. 








TllMC. 


Theim. 


ThenMtoran, 


Rata. 


Wiiidii 


Z' ' 






1788 




without within. 










Weather. 




He M« 


Deg. 


Dcg. Inches. 


loch. 


PiMQtI. 


E 






Uy » 


7 


60 


64 


ao,o7 




W 


a 


Cloudy. 


^' ^ 




2 


t^ 


64 


30,07 




W 




bloody. 




2 


7 


6« 


64 


30,07 




SW 




I^aic. 






2 


69 


*l 


30.07 




8W 


'a 


1?w». 




3 


7 «> 


§3 


fl 


30.04 




S 




iPair. 






2 


3 


66 


29.93 




8SW 




Ifitm. 




4 


7 


65 


«9.74 




' S8W 




RaiiW 






a 


70 


66 


a9»77 




saw 




Pitie» 




S 


7 


1^ 


^! 


*^1f 


OvW> 


8SMr 




Pine. 






2 


47 


.66 


49,73 




88W 




Pine. 




6 


7 


1^ 


*4 


a9>8t 




SW 




Pine. 






a 


^f 


6j 


29,89 




SW 


; )[ 


Pair. 




7 


7 


5^ 


♦4 


49.85 




dsw 




Paif. 






2 


H 


*S 


29,84 




wsw 


. * 


Raia« 




8 


7 


£ 


65 


:Zt 


0.450 


SW 




Faif. 






20 


6S 




saw 




Qoudy. 




5 


7 


s^ 


i *4 


29,76: 


0,4>tO 


ssw 




faif*. 




% 


2 


6A 


65 


49,76 
a9.8« 




s 




Cloudy. 




• 10 


7 


61 


!l 


. 


ssw 


% 


Clottdy. 




• 


a 


r 


66 


*9*«5 




ssw 


^ a 


Cloudy. 




II 


7 


6» 


II 


2^90- 




s 


i a 


Cloudy. 






2 


68 


49,91 




s 




Cloudy. 




la 


7 


64 


66 


*f,93 


^ASf> 


8 




Raia. 




' 


2 


7S 


67 


«9.77 




ssw 




fait. ^ 




»3 


7 


61 


66 


29.73 
29.78 




ssw 


; 2 


Cloudy. 




■■ 


a 


*2 


66 




ssw 


( * 


Cloudy. 




^ 14 


7 


5» 


66 


49.851 


0,132 


ssw 




fait. 






2 


6i 


'd 


49,89 




s 




Pair. 




'S 


7 


S« 


29,82 


0,111 


ssw 




R.ain. i 
Cloudy. 






2 


67 


68 


29.77 




ssw 






i5 


7. 


i7 


6.6 


29.75 


0,082 


ssw 




Cloudy. 




i a 01 


64 ' 67 1 29,781 


ssw 




Cloudy. 





M £ T K« 



[ «> ] 



MB*E6»0tt)0iqAl. JOURNAi. 

for Jdly i^gg. 




MB-TSfi^ 



[ »^8 ] 





. 


METE R.O LOGICAL J 


u 


R NA L 




for Auguft 1788. 




Timc.l 


Therm. 


Therm. 


Barom. 


Rain. 


Winds. 




1788 






without 


within. 








Weather. 




""" 
















H. 


M. 


Dcg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




Aug. I 


7 





65 


68 


30,23 




SW 




Cloudy. 




2 





7^ 


69 


30.29 




W 




CloucTy. 


2 


7 





64 


68 


30.4s 




N 




Fine. 




2 





P 


2Z 


30,44 




NE 




Fiue. 


3 


7 


c 


65 


68 


30,43 




E 




Fine. 




2 





76 


70 


30.43 




£ 




Fine. 


4 


7 





60 


66 


30,43 




ESE 




Hazy. 




2 





77 


7» 


30.37 








Fine. ' 


5 


7 





61 


67 


30.30 




NE- 




Hazy. 




2 





69 


69 


30.25 




N 




Fair. 


6 


7 





57 


67 


30,21 




NNE 




Fair. 




2 





64 


67 


30,18 




N 




Cloudy. 


7 


7 





S8 


66 


30,12 




NNE 




Cloudy. : 




2 


. 


62 


66 


30,14 




NNfe 




Cloudy. 


8 


7 





S8 


66 


30,19 




NNE 




Cloudy. 




2 





62 


66 


30,19 


. 


NNp 




Cloudy. 


9 


7 





58' 


66 


30,19 




NE- 




Clondy. 




2 





66 


66 


30,18 


* 


ENE 




Cloudy. 


10 


7 





58 


, 65 


30.14 


» 


■-NE. 




Cloudy. 




2 





66 


66 


30," 


1 


NE' 




Cloudy. 


II 


7 





58 


65 


30,08 




ENE 




Cloudy. ' 




2 





68 


^J 


30,04 


1 


ENi 




^loudy. 


la 


7 





57 


65 


29,95 









?air. 




2 





7-1 


66 


29.83 




ssw 




Cloudy. 


13 


7 





60 


66 


29.58 


0,325 


w" 




Cloudy. 




2 





70 


67. 


29.5« 




SW 




Cloudy. 


14 


7 





i8 


66 


29,22 


0,293 


SW 




Raio. 




2 





66 


66 


29,37 




SW 




Rain. 


.>S 


7 





57 


f>i 


29,60 


0,230 


wsw 




Fine. 

• 




2 





67 


66 


29,60 




wsw 




Fair. 


16 


7 





57 


6S 


29.74 


0,115 


wsw 




Fbe. 




2 





.57 


65 


29,74 




SW 




Rain. 



Jul £ T B« 



I "9 ] 







M S T £ R 


L 


G I C 


A L 


ro 


U R N A L 








for Auguft 1788, 




'Time. 


Therm 


Therm. 


Barom. 


Rain. 


Winds, 1 1 








wit hour 


within. 








Weather. 


I7S8 


































H. 


M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




Aug. 17 


7 





ss 


65 


29,72 


0,673 


S by W 


Rain. 




2 





61 


6S 


29,64 




S by W 




Fair. 


18 


7 


c 


57 


65 


29,80 


0,440 


WSW 




Fine. 




z 


Q 


63 


65 


29,84 




WSW 




Rain. 


19 


7 





59 


65 


29,68 


0,130 


SSW 




Cioudy. 




3 





65 


66 


29,66 




SSW 




Cloudy, 


1 ' *° 


7 





57 


^5 


29,79 


0,080 


WSW 




Fair. 




2 





7» 


66 


29,85 




WSW 




Fair. 


ai 


7 





57 


; 66 


29,99 


0,023 


SSW 




Fair. 




2 





70 


66 


29*98 




SSW 




Fair. 


aa 


7 





il 


66 


29,76 


0,080 


SSE 




Rain, 




2 





66 


29,67 




s 




Rain. 


*3 


7 





59 


66 


29,67 


0,045 


sw 




Cloudy,' 




2 


Q 


70 


65 


29,72 




SW 




Fitjc. 


24 


7 





56 


66 


29'95 




WSW 




Fine. 




2 





67 


66 


29,97 




sw 




Cloudy. 


' 25 


7 





53 


65 


29,97 


0,01a 


sw 




Fine. 




2 





69 


66 


29,94 




sw 




Fine. 


a6 


7 





57 


65 


29,82 




SE 




Cloudy, 




2 





6S 


67 


29,82 




N 




Fine. 


a? 


7 


c* 


57 


i^ 


29*93 




w ; 




Cloudy. 




2 


0' 


63 


6s 


29.96 




w 




Cloudy. 


28 


7 





55 


64 


30.03 




w 




Cloudy. . 




2 





70 


66 


30»°3 




w 




Fine. 


29 


7 


D 


S8 


65 


29.97 




5W 




Cloudy. 




2 





58 


65 


29,82 




SSW 




Rain, 


30 


7 





55 


64 


29,82 


0,230 


w 




Fine. 




2 





67 


65 


29,84 




w 




Cloudy, 


31 


7 





57 


64 


29,80 


0,023 


SWby S 




Cloudy. 




2 





62 


64 


29.74 1 


SSW 




Cloudy. 



Vol. LXXIX. 



METE- 



[ »3o ] 





MBTEOROLOOICAL JOURNAL 






for September 1788. 




Time. 


Therm. 


Therm. 


Barotn. 


Rain. 


Winds, 




1788 






without 


within. 








Weather. 




""' 
















H. 


M. 


Dcg. 


Dcg, 


Inches. 


Inch. 


Points. 


Str. 




Sept. I 


7 





59 


64 


29.87 


0,220 


NW 




Fine* 




2 





68 


65 


29,91 




W 




Cluudy. 


2 


7 





1* 


64 


29,98 


( 


wsw 




Cloudy. 




2 





67 


65 


49.98 




wsw 




Cloudy. 


3 


7 





59 


64 


30,00 




sw 




Cloudy. 




2 





.67 


65 


30,00 




ssw 




Fair. 


4 


7 





59 


65 


29.75 




S£ 




Fine. 




2 





74 


67 


29,71 




SE 


2 


Fine. 


5 


7 





60 


66 


29,78 




SSE 




Fair. 




2 





70 


67 


29.80 




SE 




Cloudy. 


6 


7 





55 


66 


29.90 


0^905 


SW 




Fair. 




2 





63 


66 


29.94 




SSW 




Cloudy. 


7 


7 





55 


66 


30.15 




SSE 




Fine.. 




2 





72 


67 


30.17 




SSE 




Fine. 


8 


7 





il 


66 


30,14 




SSW 




Fine. 




2 





67 


30,10 




SW 




Cloudy. 


9 


7 





57 


65 


30.08 




WSW 




Cloudy.. 




2 





69 


66 


30,08 




w 




Clopdy. 


10 


7 





53 


55 


30,07 




w 




Foggy. 




2 





JJ 


67 


30.07 




w 




Fine. 


II 


7 





66 


30,08 




SW 




Cloudy. 




2 





63 


66 


30,16 




SSE 




Fair. 


12 


7 





51 


65 


30.25 


0,070 


ESE 


^ 


Foggy. 




2 





67 


66 


30,18 




ESE 




Fine. 


'3 


7 





56 


65 


29,98 




ESE 




Fine. 




2 





67 


66 


29,88 




W 




Cloudy. 


14 


7 





54 


ti 


29.94 




W 




Fine. 




2 





62 


30,01 




NNE 




Fine. 


15 


7 





50 


64 


30,12 




NNE 




Fine. 




2 





61 


64 


30,05 




£ 




Cloudy. . 


16 


7 





55 


63 


29,82 




E 




Cloudy. 




2 





67 


64 1 


29,79 




SSE 


1 [Fair. 



M8.T.S.T^. 



[ '3t ] 





MBTSOROLOGICAL JOURNAL 








for September 


1788. 




Time. 


Therm. 


Therm. 


Barom. 


Rain. 


WmUs. 










without 


within. 








Weather. 


1788 




""^ 






























H. 


M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


3tr. 




Sept. 17 


7 





50 


63 


29,88 


0,067 


W 


,1 


Fine. 




2 





6a 


65 


29,87 




£ 


I 


Fine. 


18 


7 





it 


f* 


29.49 


0,10s 


£SE 


2 


Rain. 




2 





64 


29,50 




£ 


2 


Cloudy. 


»9 


7 





^^ 


63 


29.55 


o.5»3 


£ 


1 


Raia. 




2 





60 


64 


29,60 




ESE 


I 


Cloudy. 


20 


7 





54 


63 


•29.57 


0,280 


ESE 


I 


Cloudy. 




2 





60 


64 


29»47 









Cloudy. 


21 


7 





53 


63 


29.37 


0,300 







Cloudy. 




2 





58 


63 


29.44 




W 


I 


Cloudy. 


22 


7 





45 


60 


29.55 


0,128 


W 


I 


Fine. 




2 





53 


60 


29.50 




sw 


2 


Cloudy. 


23 


7 





S, 


61 


29.75 


0,145 


WbyS 


I 


Cloudy. 




2 





62 


29.74 


, 


SW 


I 


Cloudy. 


24 


7 





5a 


61 


29,67 


0,302 


W 


I 


Rain. 




2 





58 


61 


29,68 




SW 


I 


Cloudy. 


25 


7 





45 


s 


29,81 


0,062 


w 


I 


Fine. 




2 





59 


29,88 




wsw 


I 


Fair. 


26 


7 





57 


60 


29.83 




saw 


2 


Cloudy* 




2 





65 


61 


29,84 




ssw 


2 


Fair. 


27 


7 





5a 


60 


29.95 


0,058 


saw 


2 


Fine« 




2 





61 


62 


30.00 




ssw 


% 


Fine. 


28 


7 





48 


60 


30.03 




SW 


I 


Finq. 




2 





60 


62 


29.90 




ssw 


2 


Cloudy. 


29 


7 





52 


^ 


29,56 


0,190 


w 


2 


Fine. 




2 





57 


62 


29,61 




w 


2 


Fine* 


30 


7 





50 


60 


29,8(1 




w 


2 


Fine. t 

1 




2 





5$ 


«o 


29,9a 1 


W 1 2 


Cloudy. ! 



,Sa 



If S T C- 



C 13* 3 



METEOROLOGICAL J( 


3 U R N A r. 


for Oaober 1788. 






Time., Thirm 


Therm 


Barom. 


Ram 


Wind 


5. 1 




without 


within. 










Weather. 


1788 
























" 






H.M.; Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




oa. I 


7 0: S3 


59 


29,92 


W 


2 


Cloudy^ 




a D 58 


60 


29,90 




W 


I 


Rain. 


2 


7 0, 59 


60 


29,94 


0,035 


^W 


2 


Cloudy. 




2 oj 67 


62 


29,94 




W 


2 ^Cloudy. I 


3 


7 0| 57 


61 


29,98 




W 


2 


Cloudy, 




2 


63 


62 


30,02 




W 


2 


Cloudy^ 


4 


7 


56 


61 


30,08 




w 


I 


Fine. 




2 


62 


62 


30.09 




w 


I 


Cloudy,. 


5 


7 


5^ 


61 


30,00 




ssw 


I 


Cloudy. 




2 


58 


62 


29.95 




sw 


2 


Cloudy. 


6 


7 


55 


61 


29,70 




s\v 


2 


Cloudy, 




2 


53 


61 


29.65 




sw 


2 


Rain. 


7 


7 


46 


59 


30.14 


0,068 


ssw 


I 


Rain. 




2 


52 


60 


30,28 




SSE 


2 


Fine. 


8 


7 


43 


58 


30.55 




SEbyS 


2 


Fine. 




* 


55 


58 


30.55 




NE. 


2 


Cloudy.. 


9 


7 ° 


50 


H 


30,50 




ENE 


2 


Fine. 




2 


57 


58 


30.47 




E 


2 


Fine. 


10 


7 


47 


57 


30,44 




' E 


2 


Fine. 




2 


59 


.59 


30,44 




E 


2 


Fine. 


II 


7 


50 


57 


30.38 




SE 


2 


Cloudy. 




a 


59 


61 


30,35 




E 


2 


Cloudy. 


12 


7 


5» 


59 


30,32 




NE 


2 


Cloudy. 




2 


59 


6f 


30,32 




NE 




Fine. ^ - 


13 


7 


51 


60 


30,23 




NE 




Cloudy, 




2 


58 


62 


30,26 




NE 




Fine. 


• 14 


7 


51 


61 


30,25 




NE 




Cloudy. 




2 


56 , 


62 


30,22 




NE 




Cloudy. 


'5 


7 


4? 


60 


30.05 




NE 




Fine. 




a 


56 


62 


29,90 




£ 




Fine, 


16 


7 


42 


60 29,66 


NW 




Foggy. 


I , 


2 52 1 


60 29,64 


W 


I Fair. 1 



M B T B<* 



[ ^33 3 



METEOROLOGICAL JOURNAL 

•for Oaober 1788. 



1788 



oa. 17 
^8 

20 
21 
22 

^3 
24 
25 

26 

27 
28 
29 

30 
31 



Time.jThcrm. 
without 



H. M 



7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

.7 
2 

7 

2 

7 
2 

7 
2 

7 

2 

7 

2 

7 
2 

7 
2 

7 
2 



o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 



Therm, 
within. 



Dcg, 



50 
56 
38 
SO 
53 
-43 
36 
50 

SO 
60 

49 
58 

& 

44 

S3 
4» 
54 
47 
S3 
4» 
52 
4» 
48 

4a 
51 
45 
o| 5a 



Barom. 



Deg. Inches. 



59 
61 

57 
60 

57 
57 
54 
59 
56 
60 

57 
60 

58 
62 

58 
60 

58 
60 
58 
60 

58 
60 

58 
60 

& 

58 
59 
57 
59 I 



29.74 
29.83 
S'^y^S 
30,2a 

30.36 
30,36 
30,32 
30,28 
30,12 
30,06 
30,25 
30,30 
30,27 
30,20 

30,12 
30> 10 

30," 
30,15 
30.19 
30,15 
30,08 
30,06 
30,02 
30,00 

30.05 
30,06 

30,15 
30,22 

30,43 

i2ii2. 



Rain. 



Inch. 



Winds. 



Points. fStr 



W 
W 

N 
NNE 

NNE 
NNE 

SW 

sw 

wsw 
wsw 
wsw 
wsw 

w 

w 

WbyN 
WNW 
NNW 
WNW 
WNW 
WNW 
WNW 
WNW 
WNW 



N 

N£ 

N 

B 



I 

I 

I 

I 

I 

I 

o 

I 

I 

I 

I' 

I 

v 

I 

I 

I 

I 

I 

1 

I 

I- 

I 



Weather. 



Foggy. 

Cloucfy. 

Fine. 

Fine. 

Foggy. 

Hazy. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy, 

Cloudy, 

Cloudy. 

Fair, 

Cloudy* 

Fme. 

Fair. 

Cloudy* 

Fair. 

Fair; 

Foggy. 

I Cloudy. 
Cloudy. 
Cloudy. 
Foggy, 
Foggy. 
Hazy. 
Cloudy. 
Cloudy^. 
C^loudy. 
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U R N A L 




; 




for November i y%B. 




(Time. 


Therm. 


Therm 


Barom. 


Rain. 


Wind*; 












without 


within. 








Weather. 




1788 




















H. 


M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 






Nov. I 


7 





41 


57 


30.50 




£ 


I 


Foggy. 






2 





51 


60 


30,43 
30.18 




E 


I 


Vine. 




a 


7 





43 


57 




E 


I 


Fofgy* 






2 





55 


61 


30.08 




S 


I 


Fine. 




, 3 


7 





55 


59 


a9'9» 




SSW 


a 


Cloudy. 






2 





^l 


61 


29,77 




SSW 


2 


Cloudy. 




4 


7 





48 


60 


29,61 


0,190 


SW 


a 


Fitie. 






2 





ii 


6j 


29,81 




WSW 




Fair. 




5 


7 





58 


30,13 




W 




Fair. 






2 





47 


61 


30,18 




W 




Fine. 




6 


7 





H 


57 


30,29 









Foggy. 






2 


.0 


48 


59 


3o.a6 




SSE 




Fine. 




7 


7 





AS 


57 


30,05 




SE 


2 


Fair. 






2 





49 


5? 


29,94 




SSE 


a 


Cloudy. 




8 


7 





49 


58 


49,94 




W 




Cloudy. 






2 





50 


1? 


29,97 




NW 




Cloudy. 




9 


7 





4« 


29,-91 




E 




Foggy. 






2 





S3 


59 


29.77 




SSE 




Fair. 




•10 


7 





44 


57 


29.73 




E 




Fair. 






2 





53 


60 


29,84 




E 




Fair. 




II 


7 





43 


59 


30,05 




WSW 




Fair. 






2 





S3 


59 


30,12 




WSW 




Fair. 




12 


7 


.0 


47 


59 


30,20 




WSW 




Fair. 






2 





55 


60 


30,18 




WSW 




Cloudy. 




: 13 


7 





51 


|9 


29,85 




SW 




Cloudy. 






2 





54 


60 


29,74 




SSW 




Cloudy. 




;" M 


7 





36 


58. 


30,08 


0,200 


w 


I Fine. | 




j 


2 





4? 


59 


30,10 




WNW 


1 Fine. 1 




! *5 


7 





3$ 


•56 


30,01 


0,I20 


WNW 




Cloudy. 




1 


2 





40 


.58 


30," 




NW 




Fine, 




-16 


-7 


- 


3* 


54 


30,43 




NNW- 




Fine, 


u 


i 1 





?8 


57 '30.4a 




N I 1 


Fine. 
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for November 1788. 



1788 



Nov* 1 7 
18 
19 



Time, 



Thcim. 
ivithout 



H M. 



21 
22 

23 

as 

26 
27 
28 
29 
30 



7 
2 

7 

2 

7 

2 

20 7 
2 

7 
2 

7 

2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7: 



Therm 
wirhtn. 



Dcg. 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
c 
o 
o 
o 
o 
o 
o 
o 

Q 

o 
o 
o 
o 
o 
o 
o 
o 
o 



42 

48 
38 

45 

42 

48 

42 

45 
4S 
49 
'47 
49 
39 
47 
36 

'! 

29 

35 
28 

27 

27 

31 
30 
•34 
35 



54 
•57 
-54 
'57 
•55 
■57 
54 
57 
54 
57 
56 
58 
55 
58 
55 
58 
54 
S8 
5a 
54 
50 
5* 
49 
50 
47 
49 
48 



Barom. Rain 



Dcg. incht$. Inch, 



30^^ 7 
30,17 
30»*7 
30 212 

30»3!l 

30>*3 
30*20 

30,20 

30,26 

30,25 

30,25 
30,25 

30,20 

30,15 
30»ii 
30,15 
30,22 
30,28 
30,34 

30,w;9 

30,11- 
30,05 

3t9,96 
29>96 
30,01 
30,04 
30 18 
30,2b 



I 



Winds. 



Points 



WNW 
WNW 
WNW 
WNW 

WNW 



W 

sw 

ssw 

ESE 
£S£ 

£ 

E 

E 
EN£ 
EN£ 
EN£ 
ENE 
ENE 



ESE 

ESE 
N^byW 
I NE 



Str. 



Weather.. 



' i 



Fair. 

Fine. 

Fine. 

Fine, 

Foggy. 

Cloudy.. 

Foggy. 

Foggy. 

foggy. 
1 Cloudy. . 

Cloudy. 

Cloudy. 

Fine. . 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. . 

Fine. 

Cloudy. ^ 

Cloudy. . 

Cloudy. . 

Clobdy. . 

Cloudy. 

Cloudy, . 
- Cloudy. . 
1 Cloudy.. 
1 [cloudy. 
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U R N AL 


for December 1 788. 


» 




Time. 


Therm, 
without 


Therm, 
within. 


Barom. 


Rain. 


Winds 




— . -, _y^ 

Weather, 


1788 


















H. M. 


Deg. 


Deg. 


Inches. 


Inch. 


Points. 


Str. 




Dec. i 


8 


34 


48 


30,22 




NE 




Cloudy. 




2 


36 


49 


30,20 




ENE 




Fine. 


2 


8 


31 


47 


29.93 
29.85 




ENE 




Fine. 




a 


35 


49 




ENE 




Fine. 


3 


8 


24 


46 


29,68 




W 




Cloudy. 




2 


31 


48 


29,61 




W 




Fair. 


4 


8 


24 


44 


29.59 




N 




Fine. 




2 


32 


49 


29.58 




N 




Fine. 


5 


8 


34 


45 


29,68 




NE 




Cloudy. , 




2 


35 


49 


29.75 




ENE 




Cloudy. 


6 


8 


33 


45 


29,84 




NE 


% 


Cloudy*. 




2 


34 


48 


29,83 




NE 


2 


Cloudy. 


7 


8 


34 


45 


29,89 




ENE 


2 


Cloudy. 




2 


35 


46 


29,93 




ENE. 


2 


Cloudy. 


8 


8 


33 


44 


30,00 




ENE 




Cloudy. 




2 


38 


48 


30,00 




E 




Fine. 


9 


8 


33 


45 


29,98 




N 




Fair. 




2 


39 


49 


29.95 




N 




Fine. 


10 


8 


34 


47 


29,86 




' N 




Cloudy. 




2 


40 


5* 


29,88 




ENE 




Fine. 


II 


8 


32 


47 


30*04 








Foggy. 




2 


35 


50 


30.07 




WNW 




Cloudy. 


12 


8 


29 


46 


30,10 




WNW 




Cloudy. 


•- 


2 <o 


32 


49 


30,07 




WNW 




Fair. 


13 


8 


27 


' 45 


29,96 








Foggy. 




2 


29 


47 


29.85 


• 


NE, 




Cloudy. 


14 


8 


26,5 


44 


29,55 




NE- 




Fair. 




2 


30 


46 


29,50 




NE 




Cloudy. 


15 


8 


22 


42 


29,61 




NE 




Cloudy. 




2 


24 


45 


29.63 




NE 


2 


Cloudy. 


, >6 


8 


22 


40 


29.65 




ENE 


2 


Fair. 




2 


27 


44 


2g,68 




ENE 


2 


Fine. 
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for December 1 78S. 




Time;. 


Tberni. 
withont 


Therm, 
nrithia. 


Barom. 


Rain. 


Winds. 




1788 














Weatbcr. 


n» M* 


Deg. 


Peg. 


Inchei. 


inch. 


Points. 


Str. 


Dcc4i7 


8.0 


' a6 


4« 


30,00 




£N£ 


2 


Cloady. 


, 


z 


a8 


44 


30,08 




ENE 




Snow. 


. 18 


8 


18 


40 


30. »4 




WNW 


* 


Cloudy. 


i 


a 


28 


'44 


'30.00 




WNW 




Cloud^. 


»9 


8 


s6 


4» 


29»90 




NNW 




Fine. 




a 


32 


44 


»9.94 




NNW 




Cloud}-. 


ao 


8 


30 


.42 


29,98 




WNW 




CUudy. 




11 


ir 


45 


i9.95 




WNW 




Fine. 


ai 


42 


29,66 




NW 


2 


Cioudj'. 


. 


2 ° 


36 


44 


29,68 




NW 


2 


Cloudy. 


aa 


8 


29.5 


^ 42. 


29»97 




WNW 


2 


Fine. 




a 


35 


^ 46 


3Q»03 




WNW 


2 


Fine. 


23 


8 


23 


42 


30,22 




WNW 


I 


Foggy- 




a 


as,' 


45 


30.30 




WNW 


1 


Foggy. 


a4 


8 -0 


39 


43 


29,90 




w 


2 


Cloudy. 




2 


43 


47 


29,96 




w 


I 


Cloudy. 


25 


8 


41 


45 


29,94 




w 


I 


Fair. ' 




2 


46 


48 


29,80 




w 


2 


Fine. 


a6 


80 


3» 


45 - 


29,67 




NNE 


2 


Clohdy, 




2 


34 


.48 


29.90 




NNE 


2 


Fihff. - 


27 


.8 


30 


45 


2997 




NNW 


. a 


Ctoudy. 




a 


32 


.47 


29,90 




NNW 


2 


Cloudy. 


. aS 


8 


23 


43 


30, «S 




NNE 




Fine. 




a 


, a6 


45 


30,22 




NNE 




Fine. , 


29 


8 


*? 


4» 


30,30 




NE 




Fin<^» 




a 


26 


45 


30,26. 




Nb 




Fine. 


30 


-8 


18 


40 


30.33 




E 




Fine. 




2 


ai 


44 


30,3 » 




SE 




Fine. 


31 


8 


a6 


39 


3003 




ssw 


2 


Cloudy. 


2 d 


30 


42 


29,80 




SSW 2 1 


Snow. ( 
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1788 


Thermometer 
without. 


Thermometer 1 
within. 1 


Barometer. 1 


Rain. 


Greateft ' 
height. 


Leaft 
height. 


Mean 
height. 


Greateft 
height. 


height. 


Mean 
height. 


Greateft 
height. 


Leaft 
height. 


Mean 
height. 




Deg. 


Deg. 


Deg. 


Deg. 


iJcg. 


Deg. 


Inches. 


Inches. 


Inches. 

* 


Inches. 


January 


48 


26 


39.7 


56 


49- 


52.7 


30.70 


28,89 


^9,97 


0,439 


February 

r 


SO 


29 


41,3 


56 


50 


52,7 


30,21 


28,65 


29,68 


1,461 


March 


59 


28 


40,8 


59 


46 


50,9 


30,08 


29,32 


29,68 


0,336 


April 


68 


40 


52.6 


63 


55 


51,8 


30.48 


29,50 


30.07 


0,607- 


May 


80 


49 


60,0 


73 


59 


6a,8 


30,34 


29,58 


30.04 


0,497 


June 


80 


52 


62,3 


70 


61 


64,1 


30,22 


29.49 


29.94 


3.275- 


July 


77 


Si 


63,7 


69 


64 


65.9 


30,22 


29.73 


29,99 


1,62a 


Auguft 


77- 


53 


63.4 


7» 


64 


66,0 


30-45 


29,22 


29,9s 


2,699: 


September 


74 


45 


58,6 


67 


59 


63.7 


30,25 


29,37 


29,86 


3.345 


Oftober 


67 


33 


SI.4 


62 


54 


59.4 


30,55 


29,64 


30,32 


0,103 


November 


5a 


27 


42.9 


61 


47 


56,4 


30,50 


29,61 


30," 


0,510 


December 


46 


18 


30.9 


5» 


39 


45.a 


30,33 


29.50 


29.92 


O.OOOr 


Whole 
year 






50,6 






57,6 






29,96 


14,892 



END OF PART 1, OF VOL. LXXIX* 
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PHILOSOPHICAL 



T R A N, S A C T I O N S. 



XI, Experimtnts on the Pbh^iftication cf Spirit rf I^^^ . 
J^ /i^ Rm Joii^ph PrieiUej, LL.D. F. R. S. 

Read March a6^ 178^. 

AS the colouring of fpirit of nitre has ibme coaoefltioa 
with the dodrine of phlogifton^ to which I piopoie to 
give my beft attention^ I have lately refumed my experiments 
on that fufajed^ and b^ leave to lay the itiiilt of thembefore 
the Society. 

In my former experiments, woL IV. p. 2. I found that the 
colourlefs acid became fmoking, or oraoge^coloured, aa4 emiC« 
ted orange-coloured vapours, on being expofed to heat 10 long 
glafs tubes, hermetically fealed ; and I then conclude^ that 

V0L.LXXIX. X this 



I4A. i>r.VviwmLmt\R:^iments on4hi ^ 

this efi^ was produced by the^ adion of beat^ evolving, as it 
were, the phlogifton previoufly contained in the acid, After4 
wards, haying found that it was not heat^ but light only, tha^ 
was capable of giving colour to fpirit of nitre, contained ia 
phials with ground ftoppers, in the courfe of feveral days; 
and that in this cafe the tfftdi was produced by the a£tion of 
light upon 5the Vapour^ which gradually iftiparted its Ocdout to 
the liquor on which it was incumbent (fee Vol. V. p. 342.), I 
was led to fufped, that as the glafs tubes, in which I had for« 
merly expofcd this acid to the adion of Heat, wei;e ool,y heUi- 
near to a fire, in fiie day-light, or tandlo-light, it 'i&igbic havd 
been this lights which^ in thefe circumftauceSy had, at leaff ia 
part, contributed to produce the efie£t« 

In order to afcertaio whether the light had had any influ- 
ence in this cafe, I now put the colourlefs ipirit of nitre into 
long glafs tubes, like thofe which I had ufed before, and alio 
fealcd them hermetically, as I bad done the others \ but, tn« 
fiead of expofing theii]> to heat in the open air, from which 
light could not be excluded, I now (hut them up in gun bar- 
relsy clofed with metal fcrews, fo that it was impoflible for ^ 
any particle of light to have accefs to 'them ; and I then placed 
one end of the barrels fo near to a fire as was fufiicient to make 
the liquor contained in the tube to boil, which I could eafUr 
diitinguifl) by the found which it'yielded* ' The confequeiice 
was, that in a ihort rime the acid became, as. highly cdloured 
as ever it hid been when ezpofed to! heat without the giia 
barrel. I( was evident, therefore, that it had been mere beat^ 
and not lights whith had been, the means of giving this colour 
to the acid^ aiul which has been nfuaUy termed pblogijicatin^* 
it. 

When 
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When I made the former experiments; I had no fuipicjon 
that tht air contained in the tube had atiyconbern in therefult 
of them ; and, in thofe which I made in the phials in a mode- 
rate heat, I found that the a:cid received its colour when the 
beft vacuum that I could make \vith an air pump was over it. 

My friend Mr. Kirwan, however, having always fuf- 
pefted, that the air was a principal agent in the bufinefs, I at 
this time gavfe particular attention to this circumfiance ; fuppo* 
ling that, if any part of the common air had been imbibed^ it 
inuft hav^ been the phlogijiicated^ and that it was the pblo« 
gidon from this kind of' air v/hich had phlogifticated the acid. 
The real refult, however, was not fo nnich in favour of this 
fuppofitibn as I. had expeded ; for the principal tStOi of the 
})rocefs was the emiflion of dephlogiftiti&ted air^ fo that the 
acid feems to become what we call phlogifticated^ by parting 
with this ingredient in its compofition. 

I put a fmall quantity of the colourlefs acid into a long glaft 
tube, which be(ides.the add would have contained 1.23 ounce 
neafures of common air, but that the vapour of the acid ex* 
eluded about one-twentieth of the quantity. Having iealed 
rile tube hermetically, I ihut it up in a gun barrel, in the mao« 
aer mentioned above, and expofed it to a boiling heat for feve^ 
ral. hours, and then opening it under water there came out 
of it 2.03 ounce meafures of air, very turbid and white ; and 
when it was examined, it appeared to be of the ftandard of 
I -02, with two equal mcafores of nitrous air ; when with one 
meafure of the &me nitrous air the ftandard of the common 
air was 1.07. The quantity of phlogifticated air ubibrbed in 
this experiment I afcertained by the following computation. 

As one meafure of common air, and an equal quantity o^ 
lutrous air were reduced to 1.07 m. it is evident, that 0.93 m. 

X 2 had 
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Jhad difappeared ; but as thia was effisded by the nitrous air uniting 
with alt the dephlogifticated air contained in the common mafs^ 
and as they unite in the proportion of one meafure of dephlo* 
gifticated air to two meafures of nitrous air^ one-third of the 
o«93 m. Vf%. 0.31 m. will be the quantity of dephlogifticated 
air that was contained in the one nwafure of common air on 
which the experiment was madet the remainder, ti/s.o.69^» 
having been phlc^ifticated air. The common air contained iu 
the tube would have been 1.23 oz« m.; but deduding from it 
one-twentieth in the whole, it will only be 1*17 oz. m. I 
then lay, if one meafure of thia air contains 0.69 m* of phto- 
giftic^ted air, i.i y oz. m. will contain 0.8073 oz. m. of phk>* 
gifticated air. This, therefore, was the quantity of phk^ili* 
cated air which had been expoled to the adion of the acid of 
nitre in the tube. 

In order to find how much of the (ame kind of air was con- 
tained in- the tube after the procefs, I examined the lefuk above 
mentioned in the followmg manner. Since two meafuret of 
aitrous air, and one of this refiduum, were reduced to 1.02 m. 
it is evident, that 1.98 m. had difappeared, and coniequentlj 
. •ne^thitd of this quantity, viz. 0.66 m. had been dephlogifti-^ 
cated iw", and that the remainder of the meafure, vi%. o.^^ 
had been the proportion of phlogifticated air in one meafuro 
t£ this refiduum. If then one meafure of this refiduum con^ 
tains o»34 nu of (^logiftictted air, 2J03 oz. m. will contain 
OJ6902 oz* m. which is leis than o*8a75 os. m. the quanti^ 
contained in it befi>rc the procefs; {q that a part of the phlo^ 
fiflieated wr had been dther abiorbed or dacompofed, its^phlo* 
pfton having been imbibed by the acid at the iaBW time that* 
at halcmktedthe dephlo£^fticalKiaif. 
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In another procefs, of the fame kind» the glafs tube cofii- 
tained 0.92 oz. m. of common air, mid the air that came out 
of it after the proceia wars one ounce meafure, of the ftahdard 
of 1.6 with two meafures of nitrous air»^ and computing as I 
did before, the phlogilHcated air in the tube before the procefs 
was 0.6072 oz. m.| and after the procefs 0*54 oz^ m. 

In thefe computations it is ^uppofed, that the; air emitted bj 
the acid was perfedlj pore, fo that all the phiogifticated air 
that is found after the procefs is fuppo&d to have been, con* 
tained in the common air confined in the' tube before it waa 
commenced* But I found, that the air emitted by the acid i& 
bj no means perjfedly pure, fo that much of the impurity 
muft be afcribed to this circumfiance. 

In order to exclude all air from the oontaft of the acid, I 
made a quantity of it to boil in the tube, and when the vapour 
had expelled all the air, I feakd it hermetically, in the manner 
in which water hammers are made ; and then expofing it 10 
heat, found that it acquired as high a colour as when air had 
been confined along with it ; fo that it is evident, that air is not 
neceflary to this effe6t When the tube was opened wndet wa«» 
ter, a quantity of dephlo^fticated air ruihed out, exceedingijr 
white as before; but when I examined it, I fi^und it t(^ be of 
the ihndard of only a66# When thie imparity is coofideifd^ 
it will ajqpear, that whea much air is jridded in this proceis^ 
ibme phlopfticated air may have been imbibed^ though, conk» 
puting in the mamer above mentioned, the phlogifticated ait. 
after the procefs Ihould be in greater quantity than waa cm* 
tamed in the tube befiNPe it^ aa was iLe cafe ia the ftilowiag; 
experiment* 

In a glafs tube which, befides the add, cootMoed 1*13 ez#> 
ak of common air, I ezpo&d colourlefs fpixit pf oitse ta heat 

6 tiU 
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till it bep^me of ^ deep orange colour $ and when it was opened 
under water, there came out of it 2,83 oz* m. of air exceedingly 
turbid, of the ftaadardof .0.66, with two equal quantities of 
citrous air, when that. of the common air, with one equal 
quantity of nitrous air, was 1.07. Computing in 't\tt manner 
above mentioned, there was in the tube before the procefs 
0.7477 oz. m. of phlogifticated air, and after the procefs 
o«i{792 oz. ocu But the dephlogtfticated air, ^mcTunting' to 
1.7 oz« m. being of the ftandard ^f 0.66, will be found to 
contain 0*374 oz. m« of phlogifticated tiir, which .being de* 
tufted from 0.8792, there will remain only 0.565^ oz. ra. 
which is confiderably lefs than 0*7477 dz. m.» 

That the nitrous acid can become coloured, Without irhBibing 
any thing from' phlogrfticatied air^ is evident not only fn>ih its 
becoming fo when heated in vacuo^ as defcribed above, but 
alfo, wheu it was in contafi: with any other kitid of air, as free 
from phlogifticated air as I could make it. But from the n>an« 
ner in which thefe experiments were neceiTarily made, it was 
im|K>fnble intirely to exclude phlogifticated air, either as part 
of «he atmofpberic air, or as contained in the impurities of the 
' air that I made ufe of; for I firft filled the tube with fpirit of 
nitre, then plunging the orifice of it in d veflel of the fame, \ 
introdoced a quantity of t^ air wliich' Pwifhed to expofe to it. 
Alter this, putting my finger upon thb orifice, I turned it up* 
fide down. Mid applying to it the cioted end of aglais tube, of 
about f he feoie diameter, I (ealed it^hermetScally with a blow-.' 
pipe as expediiioufly as I cotrM. ' hPHis is a necefT^i'y imper- 
fe^mv in tfce- expei^imefit ; biit I krtotiHnot how to remedy it,' 
if any of the acid is to be left in the tube. However, the^ 
phk>giftk:2ked atf introduced in ihli^ li^ner from the atmo- 
ifhere tntift fiaVe bortie a Vcfy jfeaalLjptoportion to the air ih' 
7 the 
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the .tube;, and fcun? obje£lion will sAwajs remaio to thees^fe- 
xinseut from .the;ipfipQrity,Qf (He air made ufe of. 
. Havjug repeatedly cl^ferved, that the acid became go]omj«4 
i{^,^copfeqjueiice of being cxpofed to heat in conta^i with any 
ki^d 6f air whatever, I expofed at the fame time, swd in t^ 
%^ .ciipim/biiices, thfee equal quantities of the iame colour« 
Icff-.^irit of aitre, in three nearly e^ual tubes, one isontainifig*. 
dephlpgifUcated, another phlDgiikHiated, and a third ioflamcite* 
bje alc|.;that„ if there, ihould be;f|uy>4i^6re.nce-in tbexx)louru3i^, 
•£ thfsaeidio tiicife ^ai«a, it ii)tgi(,,be the more ^ly perr- 
ceivedf, »Butthough (.gave a)l tlju^.j^^nti^Q thajt I could, I d»I| 
Dot ;pQiK;eive that ther^.wafr, afijr( ^ifivrence, ^c^c what aro&^ 
from fome of the tubes hieing placed a liule Dearer, the 6«»- 
tban,|Cti«:4reft;^aR4 bj cl)ii;igii>g ^heir pkees^ tile colour Waa 
at l«iigt)) the ^/y^ame.dn t|»efft a^* .. r. .*: , 

As v^ftt^eie tbyee, ^^J ej^teof^Md, the air bejR>i4 «irf afta^ 
tbecp«o«gf%, in t^ m^onei; all«4» 4a^tioa(M»- 1 iball ^ft inettei 
the particulars. .;.,.;, . ..•,:.. . > 

. Of 4^.<lephJogi0iqjrt*^ 8ar th& t^ cootained before the pib- 
ct(piif,0i^^, m.,^ the .flandard of ^.^67, and.i^fter.the procbftb 
itcoBjtain^d i.76.fla rt)» of rthf? .ftandardi: of .0.77; a^difierante-. 
owipgijui.pact to theqiixture o/- Qommotn air, ifhich could tttir. 
be excluded in the fealkg of the tubes and in {«rfi to thefuto 
CBjitljed fiXHtt the aoi46Qt being ipuw.v ■ , • .. '.i . 

Qf tbp?i phlogiAicait$d air, the ttibe o^Qtained 1.3 on «».: 
and aft^r the pio^efs 1 .^§ o& nv of ^e Aandud of .i.38* 

Of. the inflinamablQ ajr,! the tvim Cgniiimihithj^ thdpi««: 
cifa 1 .5^ oz. m. .and. after , th^ froixfn i .^.o»',< m» of tho ftatnw* 
dard of i-&. They.rwerp aU mc^HsjK^. by:^«i«tuitt of xwdc 
e<^ual gqaQtities.Qf nitcDtts air. - ,, .-.^ ,:.. ,1, .-.t ' •»• 
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' If Chefe ttfults be examined as that of the firft experiment, 
with common air, it will be found thlt^ in all thefe proceilest 
ifkere was lefs phlogifticated alr^ or inflammable air» .after the 
proeefs than before ; and this Vefiilt being thus uniform, I cao(« 
not help concluding, that this kind of air is in part decom- 
pdfed, and purified by this means ; fo that by this emiflion of 
dephlogifticated air which the heat expels from the acid, fbme- 
dung, and probably phlogifton, is at the fame time imbibed 
from it; ^;^hich proves thdt phlogifticated air is no fimple fub* 
ftanccf but a compound, !and .that phlogifton h one conftituent 
partoif it; for this acid acquires the fatoie colour, and all the 
fame properties, by adding to it any thing that is fuppofed to 
contain phlogifton. 

. As the ^irit of nitre can be rendered fmoking, or phl<^fti« 
cated, by the mere expulfion of dephlogiftkated air, itis evi«- 
dent, that it contains two principles in clofe affinity i^th each 
other, and that nothing is neceflary to render either of them ' 
confpicuous befides the abfence of the other. 

it is alfo natural to fuppofe, that, for the fame reaibn lliat the 
JkphhgfjHcating principle (as it may be called) is expelkdf die 
fUogifiicatmg principle (hould enter ; fo that the purification of 
the air in contad with t£e acid may be a necefiary coniequence 
of the expulficm of the pure air contained in it, the whole 
tending, as it were, to aa equilibrium in this rtfyeSt. It is 
therefore by no means difficult to conceive, that phlogifton 
iOiould be extrafted from the contiguous air at the fame time 
that the dephlogifticated air nai pure (that is, containing a m^« 
ture of phlogifticated air) is driven out of it ; for the add 
abeiqrs containing pHlogiftiont whatever air is contained in it^ 
and expelled fiom it, may necefiarily contain phlogifton or phl6« 
l^fticated air; but the purer air may be emitted, and the 

Jeih 
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UTs pure air be Imbibed^ till the whole come Xo be of the fajbie 
quality. ' It may, however, perhaps follow from the emiiCon 
of impure dephlogifKcaCed air, and the imbibing of phlogifti* 
cated air at the fame time, that the former does not confift of 
dephlogifticated and pblogiAicated air loofely mixed, but of fome 
intimate union of dephlogifticated air with phlogifton, though 
they may be feparated by a mixture of nitrous air, and other 
procefles, in the very fame manner as dephlogifticated air may 
be feparated from a loofe mixture of phlogifticated air« 

It is evident fiom thefe experiments, that a red heat is nol;: 
neceflary to the converfion of nitrous acid into pure atr, though 
this procefs, as appeared by my former experiments^ produces 
this efied moft quickly and efiedually. 

I rannot help coofidering the experiments above recited to be 
favourable to the doArine of the phlogifton, and unfavourable 
to that of the decompoiitbn of water, though not deoifively 
fo ; for (ince the red vapour of fpirit of nitre unqueftiooably 
contains the fame principle that has been termed phlogiftoa^ or 
the principal element in the conftitution of inflammable air^ 
and according to the antiphlogiftians this is one conftituent part 
of water, they muft fuppofe, that the water in this acid is de- 
compofed by a much more moderate heat than in mofl other 
cafes* In general, I believe, they have thought a red heat to^ 
be neceflary for this purpoie* It is evident, that theconverfion 
of water into fleam by boiling, or by any heat that can be 
given to it underjthe flrongefl prefiore, has no tendency what* 
ever to decompofe iu But if the mere b<»ling of water in 
nitrous acid could produce this efFed, I do nort: fee why the fame 
fhould not be the cafe when water alone is boiled. 

I think it will alio be more difficult to explain the purifica* 
tlon of the incumbent atmofphencal air on the antiphlogiftlc 
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than on the phlogtftic hypothefisi whatever be the C(xifiko^ 
tion of phlogifticated air. 

As, in the experiments above mentioned^ beat without iigSt 
gives colour to the nitrous acid, and the reflexion or refrafticnx 
of light is always attended with heat, it may perhaps be beaf 
univerfally that is the means of imparting this colour, though 
the mode of its operation be at prefent unknown. And in thefe 
experiments, as well as the former, it is the vapour that firft 
receives the colour, and imparts it to the liquid when it b 
fufRciently cold to receive it. 

The ruftiing out of a quantity of turbid white air from a 
tranfparent tube, quite cold, is a f^riking phasnomenon in thefc 
experiments. It may be worth while to examine of what it Is 
that this remarkable cloudinefs of the air confifls. There is 
the fame appearance, as I have more than once oblerved^ in 
the rapid produAion of any kind of air, which is perfedly 
tranfparent as it pailes along the glafs tube through which it is 
tranfmitted^ till it comes mto contad with the water ia which 
it is received. 

P. S. Not to multiply my communications on the fubjed: of 
fhlogtfton unneceffarily, I would beg leave to obferve^ at the 
clo& of this article (in reply to what has been obje£bed to my 
former experiments, as being liable to exception from the 
phlogifticated air which could not be excluded from the de« 
phlogifticated air when it was decompofed by means of inflamL- 
mable air) that I have found the procefs I made ufe of to have 
no tendency whatever todecompofe phlogifticated air. Indeed, 
nothing that we have hitherto known concerning this kind of 
air could make it probable, that mere heat^ in contadl with 
dephlogifticated or inflammable air^ could have this efiedt And 
t it 
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It k of no coitiequence whatever to fay, that any particular 
ftifa{bnce> imagined to be decompofedy is preftnt in a procefst 
unlefs it can be fbewn that, m that procefs,. there are agents 
apablis of decompofing it. If mere hiat (which is all that 
mj proceia requires) would decompofe phlogifticaced air, and 
fcduce it to nitrous acid, the tranfmiffion of common air 
(which coofifts of dephlogifticated and phlogifticated air) 
through a red hot tube would have this effed, which it is well 
known not to have* 

But what I have afierted above is a conclufion which I have 
drawn from comparing the decompoiition of dephlogifticated 
air by the two procefles with nitrous and inflammable air. 
That nitrous air, when mixed with dephlogifticated air, has 
no tendency to produce phlogifticated air, is evident from the 
almoft total evanefcence Of both of them, when they arc 
very pure, and mixed in due proportions ; and that nitrous air 
has no effed on phlogifticated air is well known. If then the 
firing of dephlogifticated and inflammable air had a tendency 
to decompofe any portion of phlogifticated air, which ftiould 
happen to be mixed with them, lefs would remain after the 
firing of inflammable and impure dephlogifticated air than aftes 
mixbg it with nitrous air; for as the impurities of dephlo* 
gifticated air confift of phlogifticated air, thofe would difap* 
pear in a greater proportion in the former procefs than in the 
latter. But by many careful trials I find, that I can reduce 
any kind of dephlogifticated air no farther by a mixture of in«» 
flammable air than I can by nitrous air. When the propor-* 
tions are well managed, the <liminution is as nearly as poflible 
the fame in both the cafes* 

I muft obferve, however, that it requires more nitrous air 
than inflammable air (from iron by fteam) to produce this efied: 

Y a in 
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in the proportion of about 10 to 9 ; fo that nitrous air does not 
contain quite fo much phlogtftoa as an equal bulk of infiam* 
mable air, as I had before thought to be the cafe. 

In this Paper it will be obferved» that I make the diminu- 
tion of common air by nitrous air to be confiderably lefs thaa 
I have ufuatly done before. This has been the confequence of 
giving the two kinds of air a little agitation at the inftant of 
mixing, which . will generally make the diminution lefs by 
two tenths of a meafure. But I have found, that when thefe 
mixtures of air, with and without agitation, have been kept 
fome time, they approach to an equality ^f bulk. 

At the fame time I have obierved, what I think not a little 
extraordinary, that agitation prevents the greateft diminutioa 
of dephlogifticated and nitrous air. I have found it to be 2.5 
without agitation, and 6. with it. 

The lefs diminution of the mixture of nitrous and common 
air is probably owing to the prefence of fb much phlogifticated 
air^ which impedes the meeting of the nitrous air with the 
dephlogifticated air in the mixture ; becaufe I find the fame to 
be the cafe when I mix the fame proportion of inflammable 
air with dephlogifticated air ; and when dephlogifticated air is 
agitated with nitrous aif, the wat^ may impede their union, as 
the phlogifticated air did before. 

There is, therefore,, no fource of the nitrous acid which I 
find on the decompofition of dephlogifticated and inflammable 
air, befides the union of thofe two kinds of air, which there* 
fore do. not make mere water ^ as the antipblog^ans ^ppofe*. 
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XH. Ohfervatfons on a Comet, ^ a Letter from William 
Herfchel, LL.D, F» R, S, to Sir Jofeph Banks, Bart» 
/• /C» St. 



Read Aprfl 2» 1789. 



T 



S I Ry Slough, March j, iftg*^ 

HE laft time I was in town, you exprefled a wifli to fee 



my obfervations on the comet which my fifter, Caro* 
JLiNS Herscrbl^ difcovered in the evening of the 21ft of laft 
December, not far from jS Lyrae. 

As fhe immediately acquainted the Rev. Dr. Maskslyns^ 
and feveral other gentlemen, with her difcovery, the comet 
was obferved by many of them. The Aftronomer Royal^ in 
particular, havingr^ I find, obtained a very good fet of valuable 
obfervations on its path* it will be fufficient if I communicate 
only thofe particulars which relate to its firfl appearance, and 
a few other circumflances that may perhaps deferve to be 
noticed. 

December zit 17B8, about 8 o'clock, I viewed the comet 
which my fifler had a little while before pointed out to me with 
lier fmall Newtonian ^^^^r* In my inflrument, which was a 
ten-feet refledor, it had the appearance of a confiderably 
bright nebula ; of an irregular, round form ; very gradually 
brighter in the middle ; and about five or fix minutes in dia- 
meter. The fituation was low^ and not very proper for inftru- 

jxieots with high powers. 
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December 22, about half after five o^clock in the mornings 
I viewed it again, and perceived that it had moved apparently 
in a diredion tovtrards 7 Lyrae, or thereabout* I had been en- 
gaged all night with the twenty-feet inftrument, fb that there 
had been no leifure Co prepare my^ apparatus for taking the 
place of the comet ; but in the evening of the fame day^ I 
took its fituation three times, as fellows : 

Dec* 22. at 23 42 19 {idereal time, the comet pafTed the wir^ 
at 23 49 24 /3 Lyra^ pafled the fame. 

Difference 7 5 very accurate. 

at 23 52 52 the comet pafl&d^ 
at 23 59 58 jS Lyras pai&d^ 

Difference 7 6 accurate^ 



at o 6 2S the comet paffedy 
at o 13 40 /3 Lyrse pafiedy 

Difference 7 5 very accurate* 

I found in every obfervation the fmall flar which aecomp»« 
nies jS Lyrac *, exa£):ly in the parallel of the comet. 

Thefe tranfits were taken with a ten- feet refledor ; and the 
difierence in right afceniion, I Ihould" fuppoie, may be de» 
pended upon to within a fecond of time. The determinatioii 

* For this fmall Aar iee mj Catalogue of Double Stars » in the Phtlofbphkal 
Tranfaaions for the year 17829 Part I. Clafs V. Star 3. where its diflance and 
pefition are giveni and con&quently its parallel nay be founds 
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alfb c^ the parallel can hardly err fo much as fifteen feconds of 
a degree. 

This, and feveral evenings afterwards, I viewed the comet 
again with fuch powers as its diluted light would permit, but 
could not perceive any fort of nucleus, which, had it been a 
fingle fecond in (Uameter, I think, could not well have efcaped 
me. This circumftance feems to be of £bme coufequence to» 
thoie who turn their thoughts on the inveftigation of the na- 
ture of comets ; efpecially as I have alio formerly made the 
fame remark on one of the comets difcoyered by M. Mecuain 
in 1 78171 a former one of my fitter's in 1786, and one of Mr* 
Pigott's in 1783; in neither of which any defined^ folid 
nucleus could be perceived. 

IJiave the honour to remain, &c# 

WILLIAM HERSCHEL. 
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XIV.. An Accmnt of a Monjier of the human Species^ ih twp 
Letic'sv one from Baron Reichel /^ Sir Jofeph Ban^s^ Bart, 
and thc^ other from Mr. James Andcriba to Baron Reich^L* 
Communicated ty. Sir Jofeph Banksi Bart. P^ R. S. 

Read April 30, '7^$^* 
n> SIR Joseph Banks, bart. 

9-1 R, Fort St. George, Feb. aS, 1788. 

I HAVE the pleafure to tr^Qfrnit to you the portrait of a 
Gentoo boy, an aftonilhing living fubjeft, who being lent to ' 
me hy a friend of mine refiding in the environs of the native 
place of the boy^ I made two drawings repr§ienting the alter- 
njate attitudes in which he can place half the body of his little 
brother, who adheres to his breaft, SeeTab« II. Per.untaloo is 
a handfome well*made lad, poiieffing every due faculty of mind • 
and body, rather more fagacious, and with a ^Aiperior ihare of un« 
derftandingyjthan young men in general of his age. In addition 
to the indofed anatomical defcription of th$ boy hy Mr. An- 
derson, you will obferve in the drawings two circular dotted: 
lines, about the lower part of the loins of the fen^i^monften 
During the feveral fittings I had of PERUNTAtoOj I obferved an 
internal motion about thefe parts rather more cbnfpicuous than: 
any other of the body;, and upon queftioning the youth, he 
fhcM^ed me, that by retaining his breathy he could £3rce a 
current of air into them, fo as to fwell the parts like two blown- - 
up bladders, with a rumbling noife at the time of action. Wlie- 
ther there is a conneflion with the lungs of Psruntaloo is 
. Vol* LXXIX. G c a queftioa . 



158 Baron Reithei*8 Account of a 

R queftion I cannot venture to determine ; Mr. ANDftRt^^K; 
however, thinks it well worth my mentioniug this obferva* 
tion. The erei£kion of the little pedis in the femi-monfter^ 
and the command PsruKtaloo had of difcharging the urine 
through it, are perfeftly afcertained. 

Such as this fubjed is, if with any merits you may depend 
upon the corrednefs of the drawings* 

I am, &c. 

T. RBICHBL. 



To Ba&on Reichel. 

S 1 1^ Fort St. George, Feb. a^, 17^8^ 

As you mean to fend the elegatit drawing of p£Rt;NTALOo 
to Sir Joseph Banks, you may acquaint him from me, that the 
little brother is fufpended by the os pubis ; an elongation of 
the fword^like cartilage ofpERimTALoo having anaftomofed 
with that bone at the fymphyffs# 

The lower orifice of the ftomach feems to lie in the fac or 
cylindrical cavity between the two brothers on the right-fide, 
and what may be r^skftned the right hypochondre of the little 
one, as that part is tumid* and full after eating. 

The alimentary can^ muft be common to both, as the anas 
of 'the 'little one is imperforate. 

Thereis a bladder of urine diftinftly perceived, which occu* 
pies the left iide of the fac, or left hypochondre of the 
anonften 

Befides which, there remain only the faCrum, ofla inno- 
mlnatai and lower eictremities ]^thGU 

FkRVKTALOO 



Monfter tf ih§ bufMn Species; t^^^ 

Pkruntaloo fays ho has as complete a fenfe of feeling with 
every part of the body of bis little brother as of his own pro- 
per body, and this nuay account for the erei^ons you faw, and 
making water dii]kin^ly ; bQt this volition does not extend tei 
the legs or feet^ which, are cold m compariibiv with the reft; 

I,am^'&c« 

JAMES ANDERSON. 



BXPLAKATION OF TH£ P L A T B. 

Peruntaloo, fon of Chindrahpah-Nayandoo, of the 
Gentoo Caft. He was born at Popelpahdoo, 70 miles wef^ 
from Mufilipatnam. He is 13 j^ears of age^ and meafur6»> 
4' feet 6 1 inches iii height. 
' Fig. X. Natural pofition. 
^^ Fig. 2^ Reverfed pofition.' 
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XV. Afuppkm^ritary Letter on the Identity of the Species of the 
Dog, Wolf, and Jackal ; from John Hunter, Efy. F. R. S. 
addrejfed to Sir Jofeph Banks, Bart. P. R. S. 



Read April 30, 1739. 

SIR, 

IN the year 1 787 I had the honour of prefenting to this learned 
Society, a Paper to prove the Wolf, the Jackal, and the Dc^ to 
be of the fame fpecies. But as the complete proof of the Wolf 
being a Dog^ which coniifted in the half-bred puppy breeding 
again, had not been under my own infpedion, although fufB« 
ciently well authenticated, I faved a female of one of the half« 
bred puppies, mentioned in that Paper^ in hopes of being my- 
felf a witnefs of the fa£t ; but when the period of impregna- 
tion arrived, we unluckily mifled that opportunity. However, 
another half-bred puppy has had young, which is equally 
fatisfadory to me as if my own had bred. John Symmons, 
Efq^of Milbank, has had a female Wolf in his pofleffion for fome 
time, who was lined by a Dog, and brought forth feveral pup^ 
pieS| which I had the honour of feeing with you* This was a 
very fliort time after the brood had been produced by Mr. 
GouoH*s Wolf, the fubje^k of my former Paper, therefore the 
puppies were nearly of to age with mine* Thefe puppies M r# 
Symmons has reared ; only one of them was a female, and (he 
had much more of the mother or Wolf in her than any of 
7 . tha 
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Mr. HvVTEK^s fupplet/untary Letter^ 1 6 1 

the reft of the fame litter. I communicated my wi(h to Mr. 
SvMMONSy that either his puppy or mme (hould prove the fafi: 
to our own knowledge ; which he immediately, with great rea- 
dinefs, acceded to. On the i6th5 I7th9 and i8th of Decern*' 
ber, 1788, this bitch was lined by a Dog^ and on the i8th of 
February (he brought eight puppies, all of which (he now 
rears. If we reckon from the 1 6th of December, (he went 
iixty-four days; but if we reckon from the i7tb, the mean 
time, then it is fixty-three days, the ufual time for a bitch to 
go with pup. Thefe puppies are the fecond remove from the 
Wolf and Dog, (imilar to that given by my Lord Cl anbra8« 
siL to the Earl of Pembroke, which bred agaio* (See Phiiofo* 
phical Tranfaflions, Vol. LXXVIl. p. %$S'^ ^^ would have 
proved the fame faA if (he had been lined by either a Wolf, a 
Dog, or one of the males of her own litter. 

I may juft remark here, that the Wolf fecms to have only one 
time in the year for impregnation natural to her, and that is in the 
month of December ; for every time MnOouoH*8 Wolf has been 
in heat was in thia month, and it proves to be the fame month ia 
which Mu Symmons^s Wolf was in heat } /or his half-^bred 
Wolf is nearly of the fame age with mine, and the time (he 
was in heat was alfo the fame with that of her own mother^ 
and the prefent brood correiponds in time with the brood of 
Mr. Cough's Wolf. 

1 am, &c. 

JOHN HUNTER^ 



m^ 



XVI. 4^fiKa£k of a ^B^gifier pf the Barometer ^ Tbermom^ 
Ur^ iPi4 PJ^i^^ ^i Ljndoa /d B^utland; ly Thomas Barker, 
^, ^j^i/Q.qfjbe Raim in JBlampihire and Surrey. Commu^ 
nitafid by. Thonaa3 White,! EJjf^F^S* 

Read 'April 30, 1789.. 
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Mr. Barker's meieoroIogicMl Regi/ier. i6 ^ 

TiFIE year began open and mild, at firft (howeiy, afterward 
drier and ftormy. The chief part of February was wet,' but 
more {o for frequency than quantity. After a few mifty days 
there came in March above a fortnight^s fliarp ftoft, the iongeft 
this winter, and with ievere^eaft winds cxft things 'more ihati 
all the winter before, which was in general an open one. 
The laft twelve or thirteen days of March the fpring fet in 
pleafant, and continued fbrwardBi|[^all Aprils and proved a 
very dry fpring. There wcte at Jtimes this jriarjfits. of ex- 
ceeding hot weather, the «bd of A|)i$l^ the| fowtk' Wb^ id 
May,-the third in June, and fccond iir' July* f Tut ''lo'muct 
windy weather, with hot fun and cold winds, <that bees whict^ 
were forward the beginning of May, and fome few fwarms fo 
early^ ieemed back warder again at the end xsi the months The 
grafs was every where (hort, and began ta burnt but a fine 
rain at the end of May ftrengthened the grain Very much, and 
made the grafs grow^in feme degree ; but it fo^n began to bum 
again in a dry June, with almic^ conflant north and kiorth-eaft 
winds, fo that the paflure was fhort, and very ^little lkay» 

The end of June, and two-thirds of July, wfere very frequent 
ihowers and wind. There were in fomc parts of England very 
heavy thunder-ftorms, and more rain than they wifbed for in 
hay. time. The fhowers were light here ; they made the grain 
ear well, peafe and beans fet thick, and brought the turnips 
paft the fly. The grafs alfo grew in fome degree, but burnt 
again before July was out, and more in Auguft, oif ivhich the 
firft ten days were dry ; but the (howery iacter^att made the 
grafs grow confiderably, which was^tnuch wanted, and did not 
much hinder the harveft, which was ,in general well got, and 
was good. The autitam' was very^ fiiid^ dnd fo much rain in 
one month, eipecial^ .t,))e third week in September, ibat tfame 
^ was 
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was more grafs after that than there had been any part of the 
fummer before, though not fuch quantities as there fometime& 
is ; for, take the y^ar throughout, I think I never knew lefs. 
But that was not the cafe in all parts of England : I believe it 
was in general a dry fummer every whem ; but in fbme placed 
there was a great deal of grafs at times. So great a fruit year 
of moft forts, garden, orchard, and wild, I think, I hardly 
ever knew. After the firft week in Odlobet it was dry again, 
and ie fine, mild, ivid ctear of frofts, that the oafturtiums 
were not cujt off till after the mic^le of Nbven)ber ; and the 
grouiid and roa(|s continued dry $ill the fnowat Chriftmas, aiid 
^ere was in many places great want of water (o late in the 
year. Moft part of the laft Week in November, and the fird: 
third part of December, was a gentle froft ; but then it fee 
in very fevere, and, except an imperfe£k thaw the 24th and 
i5th^ has been an uncommonly cold and hard froft, freezing 
over many of th^ rivers, wijth a qonlideraUe fnow at times, 
diiefly the '26th and zjlh, and continued to the end of the 
year, and beyond it. 



Account rf ajtniing-in of the ground. 

In a wet ieafbn, about Chriftmas 1787, a piece of appa- 
rently (bund ground on the north fide of a moderate hill, a 
mile and half fouth-weft from Ketton in Rutland^ funk down 
into the earth, leaving a great hollow^ The ground was 
fmooth before^ an^d a waggon h^d lately gone over the place* 
There was nobody by when it fcU in ; but a labourer going 
home, from his work was the firft perfon who found it* 

It was ibme time after the accident before I heard of it^ and 

it 
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it was in fpring time that I went to fee it. I then feand it 
to be an oval hole, five yards over one way, and four another, 
and about four yards deep in the n>iddle ; but fbme of the 
earth having lodged i^nft the fides of the pit, it was not fo 
deep there ; yet the oval muft upon the whole have funk down 
about three yards, and gone diredly downward, for the fides of 
the pit are left perpendicular. I found a little water at the 
bottom of the pit, and was told there had been a great deal 
more at firft. The bottom half of the pit is a blue clay, and 
from a foot to a yard thick at the top is a ftifF earth mixed 
with ftones. There were plain figns that a drain from the 
ground above had in wet times run down near where the pit 
now is ; feme of it probably ran into and under the ground, 
and had, in a courfe of time, undermined it ; and that feemt 
to have been the reaibn that the pit funk in as it has done. 

A man of Kettoa^ who has freeftooe pits in the (acae lord«- 
ihip, but on the oppofite fide of the town, fays, he Sometimes 
meets with beds of clay in his pits^ which are undermined, 
and have hollows in them. And to the porthward of thefe 
ftone pits there are many hollows, which they call the Swal- 
low-pits ; becaufe, being hollow underneath, no water will lie 
in them, but runs through holes into the ground. Thefe 
fwallow-pits I know, and they feem to be clay at top ; and he 
fays, they do not appear to have been ever dug by xn^,. but 
that the furface of the ground has funk down into the hoUow 
there was beneath it. 
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XVir. Onthe^ Method of correspondent Values^ Sec. By Edwzrd 
Waring, M. D. F.^ R. 6', and Luca^fiart Profejbr of the Ma^ 
ihematics at Cambridg^e.. ^ 



j||lead May 28, 1789.^ 

K TN the year 1762 I publiftied a method of finding when 

"-1 two roots of a given equation a:' -^px'"'^ + ^a;*""* — ta:'— 3 + 

^c.=o are equal, by finding the comnnon divifors of the twa 

quantities ^" -^tf*^' + y^«— * — &c., and «fl"'* — » - ijfr/a*"* + 

»— 2ytf'^3 w&a, and obferved if they admitted only one (imple 
divifor (a - A), ,theu two roots were only ec^ual ; if a quadratic 
(^* - A<J + B), then two roots of the equation became twice 
equal ; if a cubic (a^ - Aa^ + Bi - C), then two roots became 
thrice equal ; and lo on : or, to exprefs lu more general terms 
what follows from the fame principles, if the common divifor 
ht a^b' xa - c' xa-^d' x &c., then r + i roots of the given 
equation will fee ^^ j+ i roots will be c, t + t will be V, &c. j 
and it immediately* follows, from the principles delivered in 
the fecond edition df the fame Book, pybliflied in 1770, that 
to find when r+i,v + i,/ + i, &c. roots are refpeffively equal 
requires r+s+t^ &c. equations of condition, which are dedu* 
cible from the well known aiethod of finding the commoa 
divifors of two quantities in this" cafe of O' - par^^ + qaT^ - &c.^ 
nie-^^n^ tpa^^^n - a£tf"-3 - &c. of the terms of their 
lemainders, &c. . - 

la 



Dr. Waring on the Method, &c, i6f 

In the book above mentioned the equations of condition are 

given, which difcover when two roots are equal in the equations 

»= o, in the two latter equations the feCond term is wanting, 
which may eafily be exterminated; but it riiay a$ eafily be 
Teftored by fubftituting for y, r, s^ &c. in the equation of 
condition found the quantities refulting from the common 
transformation of equations to deftroy the fecond term. 

7,. Another rule contained in the fame Book is the fubftitu* 
tion of the roots of the equation «j"'"« — n — ip^'^^ + « — i^cf^^ 
— &c. = o re^pe£^^e!y for a in the quantity tt ^pa^-^^ + qoT^^ - 
i&c, and multiplication of all the quantities refulting into dach 
other ; their content will give the equation of condition, when 
two roots are equal. * ' 

Mr. HuDDE firft: difcovered, that if the fucceffive terms of 
the given equation are multiplied into an arithmetical (eries, 
the refulting equation will contafti one of any t\^o equal roots, 
and m of the w+ i equal roots in the given equation. , 

a. If 2, 4, 5, . • r rpots of the equation, are ^qual, find' 
a common divifor of 3f 4» 5> • • '' of the fubfequent q^uantitie^; 

n f «-r.ii«':"* — »^ 1 . « -2^^*"^3 + » -. 2 . /i- 3^^??"^ — fi-3 k 
«.— 4W*^^ +&C., » . « — I . « - 2^^^ -»-i.»-2.»— 3^^"^* 

+^r^ , If- 3 . « -r 45^^*"5 - &c ...«.«*! . /^-X- • 

»-.r + lfl*-''+» - *-r. i2-2 .. . «-r^'i/ii*-"'' + &c. ; which 
wiH probably be beft done by. dividing all the precc^in|j 
quantities by the quantity of the leaft dirttenfiph of ^, and thb' 
.divifor and all the remainders by that quantity which has the 
leaft dimenfions amongft them ; and fo on : there will refult 
^ 3« 4i • • ^^ I equations of condition ; and in this cafe it is 

D d 2 obfervedy 



obferved; hi the before-mentioned Boojc, that (if the coixmion 
' divifor be (^ - A)) it will oq[cc ooly ada^iLof ,5,^4f $> • •'' equal 
roots ; if it be a quadratic^ tlieu ' li: will t^ice ]adaiit of thofe 
equal roots ; and fo on. \ .^ ' 

4* If the roots of the equation of the lead dimenfions be 
fubftttYitta ibr rfiii'tTie-ffenaaliSing eqbatlif^; aiidf^eath^ ^df the 
refuichig v&lises bf the 'iiittif^ equation bd'mtjltiplied into ekcH 
otlfei", Ihdre ^Hl i^uit the '>'i^ i* equation? of condition i and 
the.finiemajbe'tdtdfide^ af(c>f from the ^eVerail equatibiis con- 

jointly.-- '•. "' "^' - /:•' ^" ^- ^''" \ '" " ' ^^'' 

' ^he equations- ortofidtflbni found' hy tlte firft method/ if 
the 3iv5fions Were not projj^y inftituted, tnay admit of more 
tuAotkl diviibrs thahneceffit^^ of which iBi^ are the equdtibns^ 



n\c^' 
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'^-''P'^J^ ^•''''''' i *" -^ » -'^ '- » ••' * ' *'- ' ^ • • 

j^l^^jlS thpjrc^^r .ijr76, I publiAiejI in the Meditatioaes Ana^ 

lycifca^ a^^^w ^^^pd of difie^euces for the , refolution of die 

folioyjn&proWepK,^ . ; . i v 

jGlvcn the fums of a fwiftly converging feries ax+6x^+cx^ 

+y^^+^c., when the values of x are refpedively w, p, o &c* j 

to"^ find the fum; of' the feries when '* is r, that is, given^ 

dW<+Afr*+^tf'' + &c. &e. ? torfind 9T«Tfr+^*+^'+&c. 

Tcr revive thi^ prpbl/sm 1 niultiplied t))e^ quandti^^ Sf , Sp,. 
^^ji^SrrJ^%^iv?iy .iptoi W4u»05m «p-iqf6^ifnt8: «| /3, y, ,&c. 

a^4j^S.re^4:c/ulte4 r. ..,,.: - 



««*ir 



av^a + aTf o + uTT c + occ^, ,, . 









&c« &c* &c. 

Iik| then made the fwn of each fif.^t^ripf f^fitive^jjequa? 
h> its correfpondcnt^term.of the <^pfi^y^,irqri''f*A+yf'&,^^% 
^m confcquently «v + /3i) + ycr+^c^f^T> )pi9r\*h^^ 

tions of this kind as there were given values.^, ^, a-, &c. qf ^fj 
and confequently as Jiiany :e<^i^ipns ,ref^lte.d. ^ pnknqwa 
quantities «, j3f 7^ &c- ; whoncej^ by .t^i^e, cpn^ncic^ rciJpJiv;tion ^qff 
iimple equations, or nioreeafilyfrpin^dii^^ ^VWflA 

the unknown quantities le, jS, -7^9 ^c, and, t^ncp tJ^Cf ^qH9^^ 
fought «xS7r+iSxSf + yxStf- + &€• = St nearly. 

3. In the Meditationes are aifumed for ^r, ^, cr, &c^ the 
quantities /, 2/, 3/>, 4^, ..•.«- 2/^ » - 1/, and »/ for t ; 
which, if fubftituted for their values in the preceding equa^ 
tions, will give a + 2i3'+3y + 4ff+&c.=:«, A+4i3 + 9y+^^i6J+; 

and if thefums of the feries ax + ix^ + c:^'{»Scc. •vAicli're- 
fpeftively correfpond to the values p^ 2/, 3/>, • • . » - i^ o^^ A?be 
Si , S2, S2, S4, . . .,S« ^ i^ and the fum of the feries oa? + h*+\ 
r**+&c. which correfponds to 11 value of ;i? be S9 ; then will 

2 • a a ^ 

nearly, v^ich^equatibti is given in the above-mentioned "Bbok.- 
3. The logarithn^^Amn the ntknber, the arc from the 'fine,' 
&c. are found by ferieies of the formula ax4^iit^'{^t;^4'^^*'t 
and confequently this equation is applicable to them* 

. . 6, 4* Ini 
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4* Itt the fame Book is affumed a feries tf;(f''+^A?^+' + cx'+*' + 
^;p»^+3»-f.&c. of a more general formula than the preceding, 
and in it for 4r.fubftit,9ted*ci| /3, y, 5, &c», w r and S«t SjQ, Sy, 
SJ, &c; S/w for tl^e refulting fums, and thence deduced 

X S/2-^-r — ■.. ■ I -J r ■ ^ ' X Sy + -. — I ■ " 

•xSS + &c. nearly. . 

C?r. If for r and J be affumed refpeftivdy I, the feries be* 
comes ax + bx' + cx^+ScQ. of the fame formula as the pre-, 
ceding: if r = o and J=i, the feries becomes a+bx + cx^ + 
&c. ' The latwr cafe will be the fame as the former, when one 
<jf the quantities (a) fubftituted for x and its correfpondent; 
fum S«^ both become = o, and the equation deduced in both 
cafes the fame* 

5» If X, p, cr, &c. refpeftively denote r, r+p^ r + 2/, . . •' 

r 4-» - 2^, r + «-i^, and Tzzr+np; and S, Si, S2, S3, . • .^ 

8a— 2, S/i— I, be the fums cithejr refulting from the i£|rie3, 
ax + bx^ + €0^ +&C, or the feries A + ^a: + bx^ + cat' + &c.t which 
refpeftively correfpond to the values r^r+p^ ^+2/!» &c* of 
X ; &nd S/i the fufn of the fame feries which corrclponds to the 

value r+np of x; then will S» = «S«— i -« . -^^Sn^z +n . 
' * ^ a * 

^^^.^^S«-a- ••• =±i«^ ^^S2rp«Si=±=S. nearly; this 

e^quation differs from the preceding by the laft term S not va* 
q'^Oupg; in the preceding caie. S became =0, for it was the 
fum of the furies ax+bx* + cx^+Scc.f which correlponded tou 
*=o. . • ' 

6. From 
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6. F'rbm the Medkationes It appears, that /^*-«Xr^* +! 



"—•I 7* II— I »_2- 



M . -^r^ip ^n .--- . ^rdzsp +&c. to tie end of th& 
feries = o, if m is lefs than », and w and « are whole num- 
bers ; butif «!«/;, then it will- sfcj . a . 3 . 4 . .\, ^ITJ .»*.- 
whence it is manifeft, that for the « BtQ^ terms of the feries 
A+ax + h* + icc. the equations are true; and forthe*'»-i 
firft terms of the feries ax + h* '+ cm' + Sec. and in the fucceffive 
term of both the fcriefes they will err by a quantity nearly 
**— 1 • 2. 3..«x^xr-x co-eflScientof the term j and the 
errors of every fubfequent term (*♦+•)" will be nearly as 

_^ m—t ' m—'2 m—X m~h+i ^ 

~^ ' ~^ ' — ' ~ ' " — I — x/" X A— • X co-efficient of 
the term «*+% if for r , r+/, f + 2p, &c. be fubftituted i, 

r r 

7. Lfet the preceding equation SniznSn- i.-» . Sil'SjT^ v 
>» . i^^ . ~3 , S« - 3 - &c. = n X log. ir-p-k . lUf 
log. r - 2^ + ff . :LZ^ . l=i log, r. - 3;) + ^c. -Jog. 

/ — ,-7 / = log. K, where J,/,/', &c. de- 

note the co-efficients of the alternate terms of t[ie binomial 

theorem, viz, s^^n . "—y / = » . !Lzi . Lif . Hzl^ ^c., and 

a . 2 3 4 

/»«, t' — n* —- . ^^, &c. the co-efficients of the remain- 
ing alternate terms; the numerator rxr—%p xr '- ^p x' 

r-6p X &c. = (if N = 2"-') r» - P/r*-» + Q^ V^— _ R^V»-3 
. . . L/^'xrN-".+':fcM/yr»— qr&c; and the denominator 
r^p'xr-^p^ xr- $/ x &c. = r»^j- P/r^-' + Q^V^-* _ 
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&C.9 whence the numerator and denominator have the n firft 
terms the fame, and the next fucceeding terms difler bj 

I . 2 . 3 . . H - i/yr^-' ; the numerator divided by the denomi-» 
nator » la b' *^'3-^-' ap nearly, if r be a great number in 

r 

proportion to /, &c. it would be + when n is an odd number, 
and -when even. 

8. The logarithm of the fraction K by the common fcries 

mK*-! — ^^+ &c. has for its firft term = =*= 

^ 3 

i,ft,3>>ii>>i ^^, nearly; for its fecond term the fquare of 

the firft divided by 2, &c. 

9. The error of this equation not only depends on the loga-* 
rithm of K, which may be calculated to any degree of exa^-* 
nefs, but in the calculus on the errors of the given loga* 
rithms* 

10. If r be increafed or diminiflied by aay given number^ 
the n firft terms of the numerator and denominator will ftill 
refult the fame, and the next fucceeding terms will differ by 

1 1» Let n • !^ numbers be 2, » • !!^ . !^ . !lli num« 
a 234 

bers be 4. « • ^^' . ^^* .' ^^^ • ^^ • "-=^ numbers be 6, &c.; 

their fum, the fum of the produ£ls of every two, the con- 
tents of every three, four, five, &c. to « - i of them will be 
equal to the fum, the fum of the produds of every two, of 
the contents of every three, four, five, &c. to « - 1 of the 
following numbers, viz. n numbers which are i, rr # ^— • lli 

numbers 
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numbers which are ?, n . ^^ . ^^ . ^^ • i— ^ , which arc 
^ « 3 4 S 

5, &c. ; and the fum of the contents of every n of the former 
will be lefs than the fum of the contents of every n latter 

numbers by i • 2 • 3 • 4 • • 11 - i« 

It. The method given in Art 4. which 1 name a method of 
correfpondent values, eafi^ deduces and demonftrates the pre* 
ceding equations, which cannot, without much difficulty, be 
done by the preceding method of differences ; the method of 
correfpondent values is much preferable ^to the method of dif- 
ferences, both for the facility of its dedudion^, and the gene- 
rality of its refolution : for inftance, from this method very 
eaiily can be deduced, &c. the fubfequent and other fimilar 
equations. 

5±:»S I =5:8 nearly. 

Ex. 2. SiH:^=:^± ^^^-'' ' '"t f^ ' - "^ X S^^-. 

I • 3 • • «— I 

!izix A x^i±ix sr::t+^^x B x'^'sirrj 

?ii X S»^+ ?ri X D X "H^ X ^Sn^s -&c.nearly, where the 

letters A» B, Q D, be denote the preceding co^efHcients, and 
the c6n verging feries 16 the fame as in the preceding example. 

Ex. -3. Let the converging feries be of the formula jx + i;i?' 
CK'^dx' + &c.; then will S» =: Jt« - 2 S« - i - zn - i x| 

?!!!ll j^ ?~S«-4i-&cJ nearly, of which the general term is 

a 4 ■ • ; . 

Vol. LXXIX. E e Ex 



174 i^^* Waring 6n the 

Ex. 4 Let the feries be of dicformula A+^/jp' + ^a:* + <'^*+. 
&c. ; then will zn = x zn^zbn^i x 2;i - i . 

n n 2 

n 2 3 •" « 



»-8 



^n! . 3^ZJ X ^^ilii S7^ + &c. nearly, of whiqh the general 

. »— / 2W— 2 2W — 3 2«— /+I 2/1 — 2/ o >" 

term is — ^ x 2« — i . • ^ . . . — ; x — -, — x b« — /. 

n 3 3^-1' 

Exi 5. Let the given feries be of the formula ax + Sx^ + cx^ 
+ &C., and in it for x be fubftituted /, -^, 2/, - 2/, 3/, - 3^, 
. •.• 9 ^p9 — «/ ^"d ^/*» ^"<^ for the fums of the refulting fe- 
riefes be wrote refpcflively Ss S""% S% S"S S^ S""^ . . . S% 
S""% and Sm ; then will Sm =s 

n . «*-: I . /»*— 4 • i»*T'9 • »*-^ >6 .• . . »^ — «— 1. X 20 = 1. • 2 . 3 , 4 • • 2« 

xS-+Ax T±lS+'--xBx -!!LIiLS-*^-'-Cx?l±S x. 

2 « + »-2 »i-»-2 3 

F X """"'' S-H-3 - G X ILt^ X S-3 + &c. nearly, where 

the letters A, B, C, D, &c. refpedively denote the preceding 
co-efficients. In general, the co*efficients of the terms S""*+' 



:?!l=it!xLx!!!Z^?=iti 
M X ^.^!^^^r where the letters L and M refpedively denote their 



and S-- will be refpedlvely M=:?^^=i±i x L x !lZ^!Ziti and 



preceding co-efficients ; the co-efficients are to be taken affirma- 
tively , or iiegaiively, according as s is an even or odd mimEber.: 
Ex. 6. If for X in the preceding feries be fubflituted p^ — ^, 

^Pf - */> a^> - 3^, . . • « - 1/, -If - I/, np refpcaivcl^, then 

Sm 
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. "" I. a. 3. 4. 5-. • (a«~i) ^ - A X 



m^tt— I 



•'- X 5^'+' X B X X S*""' + C X 

S-.+. ^ a«-2 X D ^ fH:^ X S--* - &c. nearly, when A, B, C, 
a iw— « — a 

&c. denote as before the preceding co-efficieilts. The coeffici- 
ents of the terms S^+' and S"""' will be refpeftlvcly L k 

. ^""^^"^^ and ^H-' X M x^^^^^S, L and M denoting the brc 

ceding co-efficients, which are to be taken negatively or affir- 
matively, as J is an even or an odd number., la this ferles when 
x^Of the correfpondent fum'="0. ^ 

' Ex. 7. Let the given feries. be of the formula a + h + ex* + 
Jx^ + Scc. ; and in itfor xbe fubftituted o, pt.^p^ %p^ — zp^ 3^, 

— 3/ • • • ^> "PP ^nd ^^t ^"4 for the fums of the ref^ltingfe- 
riefes be wrote as before S% S', S""S S*, S^S . . .-S% S*^i and 

S-; then will S/;i = ^'^^^^^-^"^^^^ 



n . «*— 1 . yit — 4 . « — 9 • r . («*i— /♦— A')|xa« 

X S- + A X !L±2 X S+« - a: X B X -^::^ S--!+' - Acahis feries 

obfcrves the fame law as the feries given in Ex. 5. and only 
tdifFers ftom it by the laft *term S^ not vanifliing, that is, 
being =0. .... 

Ex. 8. Let the feries be of tlie preceding formula a'\rhx'\' 
«* + ^* + &c., and in it for x be fubftituted o; py — ^; zp; 

— 2/>; 3^» -3^> • • • ''- 'P^ •''"" */> ^P'^ ^^^ ^A .^'^^ ^^ 
fums relulting be S(?, S i , S-', S% S-% • . S^ S-'+', S' and S"- ; 

then will S/» = ^ '^^^^^ ' ^^^"^ - ' ^! !ji(;£lIV.^ A x ^Ii^^-k. 

S-^+' - &c. the fame feries as in Ex» 6. and differs from it only* 
by the laft term S^ not vauifhing. - ^ 

Ee a '^ Ex. 



Bx* 9, Let the feriesfae of the {isrme formola^? +hc+cx^+Jx^ + 
fecaiidinltforAr befabftitntcd^ -^, 3^, -3^, 5^ -5/, 7^, 
*• 7^, i i . . »^f - 1:5^ and mft; and the fums refulting be 8% S*^, S^ 
S-3, S5, S-5, S% S--7, . . . . S*, S-*, and S* ; then will S*= 



jw^ — I . m*— 9 . m^— 25 » jiK^ — 49 . . . . w^— «— 2 x>«-f» 




m4-»— 2 



a m—tt+4. m+«— 4 3 

m— u+o »j + »— o 4 n— »+){ 

S— *-&c. nearly, where the letters A, B, C, D, E, &c. 
denote the preceding co-efficients of the terms S", S— ", S^% 
S— +*, S*-*, S-H-4, S— «, &c. refpeftively. The co-efficients 

of the terms S*—*' and S—+** will be M=!i=i±ixLx; 

s 

'^'^--^'+^ and N « M X f!rl±i' ; where L, M, and N denote 

in^n^is m + H'-as 

the co-efficients of the terms immediately preceding each other^ 
that is, of the terms S— +"-*, S-^S and S-^*'. The fign 
of the firft co-effidient M will be + or - , according as j is 
even or odd ; the fecond term N will have a contrary fign to 
the firft. 

Thefe feries may be made to begin from any term, which 
may be eafily found by the method of correfpondent values^ 
and the fubfequent terms from it by the given law ; its pre- 
ceding terms may be deduced from the fame law reverfed, that 
is, by putting the numerators of the fractions multiplied into 
4t for the denominators, and the denominators ibr the nume- 
rators. 

m From 
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- From thefe difSerent feriefea may be forkxied, byaddiilg twa oc 
cnore terms of the given feries together Hot a^ term, of the re^^ 
quired feries; which method ha^eea applied to. coavergmg* 
feries in general in the Meditationes. ~ 

13. The method of correfpondent values eafily affords a refo- 
lution of the problems contained in Mr. Brigg^s or Sir Isaac 
Nekton's method of differences. 

Ex. I. Let the quantity be of the formula a^ix + cx^+,dpc^ 
+ &C. . • x'ss^, and « + i correfpondent values of x and^ be 
given, viz. pj y, r, j, Sec. of x ; S/, Sy, Sr, Sj, &c. of jf ; then 

Wliiy= r . ^ == r- X S^ + ■ I X Sfl' + 

^— f .;>— r . /— / . &c. ^ f— ^ . y— r . ^— J ,&c. 

EZ-E?-EI-'"- xSr+ E£-EL -Eii^xSx+&c. 

r— ^ . r — y . r^s . &c. i— ^ • j— ^ . i— r . &c. 

The truth of this problem very eafily appears by writing 
pf ff ^9 Sj &c. for X in the given feries. 

All the preceding examples may be applied tp this cafe^ by 
writing x form in the given feries; hence the refolutions^f 
ieveral cafes of equi-diftant ordinates by eafy and Hot ii>ekgaat 
feriefeSy amongft which are included the two cafes commonly 
given 00 this fubjed. 

14. If a quantity be required, which proceeds according lo 
the dimeniions of x^ reduce the above given value of ^ into a 
quantity proceeding according to the dimeniions of x^ and 

there refultsjy = (^ ^■■.. ^t, „ + , ^ 

+ =-==-^- •+ ^ i= +&C.) XJC'- 

r—p . r~<j , r~ i . &c.=:C i—p . s—q ■ s — r . &c.=:D 



Xg + r + s+icc. S^X p + r+i + Scc. , Srxp + g + s+icc. , 
A + B + C •»" 



SsXp + q + r+Scc. ^ ^^. \jg_, ^ / Spx^r+^. + rs+Jcc. ^ 
D ^ \ A 
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XX— '-(' \ ' ■•'*•- B ■•■ C ^ D ^ 

&c.)«"-3. + &c. 

The law and continuation of this ierics is evident to any 
one verfant in thefe matters from infpeaion. 

Thcfe fradions may be reduced to a common denominator by 
fubftituting for Sp and A the produds SpxP and A x P, where 
P =5^ . f^s . T^s . &c. ; for Sy and B the pfodudis Sj x Q 
and B X Q, where Q^p^r . p^s . 7^s .Jfc^; for S r and C 
• \\it produfts Sr x R aad C x R, where Kzzp^q . p-s . q-s, 
&c. ; fof Sj and D the produds Sj x S' and C x S', where S' = 
p-q .p-r .q-r . Sec. &c. ./' 

• Tf he fraaious, in particular cafes, will often be reducibk to 

lower terms. 

ic. Let ^=fl** + ^^+'+cx*+»'+&c., and the correfpon- 
dent values of x ^nd y be given as be fore, then- will y^ 
;,tx7:7x7 I 7x7I7x&c. ^ g^ _^ .'x»'-p'x.'-r'y*'-s'xkc. ^ ^ 

pt xp'-q'xp^-r'xp^-s'xScc. q" X q' -p'xg-r'-q -f X&c . 

xb X x ' - p^ it '' -q' y- "— i' ^^^' c , »^Xx ' —p'xje'—q'x x'~-r'xtcc. 

■*" r* x r -/' X ,'-q'-~'x &c. / X i'-p'x i'-£'x*'-r'+&C, 
Si + &C. 

This feries may in the fame manner as the preceding be 
reduced to terms, proceeding according to the dimenfions of 
X ; and the feriefes given in the examples may (mutatis mutan- 
JisJ be predicated of it. i " 

1 6. A more general method of correfpondent values is given 

in the Meditationes, as alfo the fubfcquent y « *-? *-•»■>-/ .&c. 

p — q.f—t.^—j.kc 
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&c. as in Ex- i. -^p + {x-f) ^-L-xS/ + -^ x SyJ +(x* -/^) 

V rj\ 7J\ ^\p-q p-r P--S ^—pq-'' q-s 

xS^+— . — , JLxSr + ^^- — . -L.xSi)-&c. 

The equality of thefe two different quantities will eafily 
appear by finding the co-efBcients of both, which are multi- 
plied into the fanie given value of y as S^, Sy, Sr, &c. and the 
fame power of x^ for with very little difficulty they will in 
general ht found equal. 

It is evident from this refblution that, giving the ordinates 
and their refpeftlve didances from each other, the value of 
any other ordinate at a given diftatice from the preceding, 
found by this methodj will refult the fame, whatever may be 
the point aflumed from which the ^bfclfs is made to begin. 



I, Let a feries be A*+BAf* + C;ir' + DA?* + &c. of fuch a for- 
mula that if in it for x be fubftituted ^ + ^, there refults a feries 
Axrf+^ + Bx^'+^^ + Cxtf + ^' + Dxii+l* + &c. = (Atf + 
B^ + Gtf' + Dtf* + &c.) X {i^qb + rb^ + sb'+ t6'+ &c.) + 
il+qa+ra*+.s^^ta^ + &c.) x (A6+BB* + Cb'+T>i^+ &c) 
then will the feries Ax+Bx* + Cx^ + Dx^ + &c. =: Ax + 

1.2^^ 1.2-3 i.a.3.4A* ■*' I . 2 . 3 . 4 . SA» * "^ 

9,24A'feC*^4X24AB3C e aiSC^AB +43aA'B*C"-384ACB^^-64B^ ^^. 
I ;a»3-4»S-6A* ^ i . 2 . 3 . 4 • 5 • ^ • 7^* 

+ &C.; 
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B 



4-&C. ; and tlie feries i + y*+r«*+^**+/**+&c±i + - x^ 

A 

6CA-a!B* , , i8CAB-8B»', , 36C*A*-8B« . 
i.aA* * + i.a.3Ai*+ i.a.3.4A** + 
i8oC*A*B - i20ACB» + i6B« , ai6C>A*4.ai6A*C'B'-a88 A CB*-t-64B* # 
1.2.3.4. 5A* "*" 1.2.3.4.5. 6A* ' , 

+ &C. 

The terms of thefe two feriefes can eafilj^ be deduced bj the 

fubfequent method. Let * K**-* + L"-' + Mx", be fucceffive 

terms of the ferics A*+Bjif*+C«* + &c., and K'x^' + L'jr-* 

fucceffive terms of the feries i + y« + r** + sx* + /«* + &c. ; then 

•II Kir 2A*xBxK'+6CAK-aB*K , » , »xAxM-Bx*L 

Will M «g ■ • ' — and JL = j^ . 

« . »— I X A' A 

Cor. I . Let B = o, and the two feriefes A« + B*' + C«* + D** + 
&c. and I + ^* + r** + &c. become refpe^vely hx + —3 C** + 

:-^l:Lf_x^V+— £l3L_ x^X*' + -^ ^^^^ ^ 

a. 3. 4. 5 A ^2.3. 4-5-6. 7 A* 2.3.4.5.6.7.8.9 

1. 2. 3.4. 5.6 A^ 

If in thefe feriefes for A be fubftituted i^ and for C be fub- 

ftituted - — , there will refult the feriefes ' x - -^ + 
2.3' a .3^^ 

»- &c., and I ^ + — &c. which give the 

2.3.45 1.21.2.3.4 « 

fine and cofine in terms of the arc k. 

Cor. ^. Let C *= o, and the above-mentioned feries Ax+ Bx*^ 
Ax. becomes A;r+-^ B;e** -► — , ?? ■ ^J!!^^^.,,^ 



1.2 1.2.3.4 A* 2.2«3.4.5 

B* 5 M 2* B* T 2^ B» . 

. . ,\ .o ^l;*"-^ ^ ." . ■ V. Xio*"4-fe«i« The tow of 
1.2.3.4.. 10 A" x..a«3*.ii A' 

this 
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this fcries is, firftf that every third terra vaniflies ; and, fe* 
condly, the figns of every two fucceffive terms change alter- 
nately from + to - and — to + : alid, laftly, the co-efficient 

of the term ;c» is X ; and the ferics 1+ ^a; + roc" 

+ &C. becomes I +^x-^^^a: -:p-^^x -^^_— ^^* 

1.2.3.4. 5A5^ 1.2.3.4.5. dA* I . 2 . 3 . . 7A' 

&c. In this feries the figns of three fucceffive terms alter- 
nately change from. + to - and - to + ; and the co*efficicnt 

of the term x* is -^ or : accordmg as fr u 

1.2. 3. aA I.2.3.. nh" 

divifible by 3 or not. 

2. Let a feries i + Pa: + Q:v* + R^' + Sa:*+Tjc5 + &c. be of 

fuch a formula, that if in it for x be fubftituted a^b^ there 

refults a feries i +P X oT^+Qx ^T^* + R X a + b' + S x^ + ^* 

+&c. = (x+P^+Q^*+?^^' + Stf-+&c.) x(i4-e^+Q*^+R^* 

+S^*+&c.)+(Atf4.Btf*+C4i'+D^^+&c,) X (A^+B^^+C*^ 

. 4.DA1-f-&c.), then will the feries Kx^,Bo(^^Cx'^Thc*^ 

£li'ii2)x*+&c., and the feriesi +P)e+Qx'-f-R«'4-&a:. = i + 

P, + £±l\-+j^i!±Zi;Z±E^^.i!!±£±:^x- + &c. L« 

a ■ o ' * 24 

K;c*-»-t-LA;*-»4-Mx" be fucceffive terms of the f?i^es A:e+B;c'- -f- 
Cx'4.^c„ and KV-»4-L'Ar-«+M';e« fucceffive terms of the 
feries i4-Px+Q;^-^R^'+&c.; then will AxL+PxL'-n 

X M' and B x K+Q X K' - » . ^ x M' exprcfs the law of the 

ferieles. 
Vol. LXXIX. F f Cor, 
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Cor. Let B = o, then the ferles AA:-4-B**4.Car'+D;c'=Ax 

C^+TTT'^ +77777^^ +x. a. 3. 4^5. 6. 7''' +^^-)* 
and the ferles i +PAr+Q.v*+R;c'+&c. = i + Pat+^IA* x^ + 

1.2.3 ^•^•3«4 i»2.3...s '1.2. 3. .6 

fi 
4.&C. ; the co-efficient of the term a;" will be (P*+A*)^or P 

I X (P* + A*)"»", according as n is even or odd. 

If in the equations before given for x be fubftituted j = ^ 
Inftead of a'\-bj then in the other quantities for i fubflitutc 
-^. . 

3* If in Cafe 2. the difference between the two quantities 
( I + Ptf +Q/i* + &c.) X (i + P^ + Q^^+&c-) and (A^+Btf^+C^* ' 

+ &C.) X (A^ + B^* + C^* + &cOisafrunaed==: I +P X Jir^+Ctx 
a + b +&C., then in the feriefes before given for A, B, C, &c. 
write refpedbively \/-iA, \/-^iB, v^-iC, &c., and there 
will refult the correfpondhig feriefes. 

The fame principles may be applied to many other cafes. 

4. Equations of thefe formulae may be ufeful, when the 
fums of the feriefes correfpondent to a value (a) of x are 
given, and the fums of the feries correfpondent to a value 
(a + b)Q{x is required, 6 having a fmall ratio to a : for inftance, 

J e n 

let the given feries hex — — — | f- &c. ; the 

° "^ a. 3 2. 3*4. 5 a-3*«7 

equation found in the firft cafe isa+i-^^^+ -^^^^ 

but 
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buttf.— -^ — I &c., and i — -^ — | ^ &c. arc 

• 2.3^ 2.3.4.5 ' 1.2^2.3.4 

the fine (j) and cofine (c) of an arc tf of a circle whofe radius 

IS I ; and, confequentljr, if the fine s and cofine c of an arc a 

be given, the fine of an arc {a^b)^sx{j. 1 &c.)+; 

c(b h &C.V which feries, if d be very fmall 

^2.32.3.4-5 ^ "^ 

in proportion to a^ converges much fafter than the common 
feries for finding the fine from the arc : it has been given from 
different principles in the Meditationes, and is alfo eafily dedu* 
cible from the feries for finding the fine and cofine from the 
arc by the propofitions ufually given hi plane trigonometry : 

the cofine of the fame zxc(a+B)^c%(i ^ H — &c.) 

^ 1«2 2.3.4 ^ 

-ix(3 ^ + — ^ &c.\ 

^ 1 . 2 . 3 I . 2 . . s ^^ 

Ex. 2. Let the feries be a + b + ^^^-^r — — + &c. =] 

2-3 a. 3.4-5 

'»'^r:Tri + *'^-) =*> and . + ^ + j-^^ + &c -i 
*/! +x', if a be the hyperbolic log. oC x + </i+x'; therefore^ 

2.3 
Let B+ — + ^^ + &c. = y, and (x4->/l-hx' X 

(^+v/7+7)=.v, thciLwmJ+^+^4:^+ '"•^', +&C. ?= 

Ff J 5. Lot 
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5. Let a quantity P be a fun£lion of x^ or the fluent of a 
funftlon of a: X X, and the value X of it when x :=,a be known, 
and the value of it when x = tf+^ be required. Find a feries 
of which the firft term is X, and which proceeds according to 
the dimenfions of h^ if ^ be a very fmall quantity, and in 
general at leaft fo fmall that the feries from a^ = ^ tox^a-^-h 
neither becomes infinite or o. 

In the fame manner, if an algebraical or fluxional equation 
or equations, expreffing the relations between x^y^ 2, v, &c, 
be given, find the correfpondent values of ^, z, v, &c. to x = /i, 
which let be Y, Z, V, &c.; then find feriefes for^, 2, v, &c. 
of which the firft terms let be Y, ^, V, &c. TcfpedHvely, and 
which proceed according to the dimenfions of h^ but fubjedt to 
the fame conditions as in the preceding cafe. 

From fluxional equations Inay be deduced feries whicli exprefs 
the value of y^ &c. in terms of ;c, and always diverge, or 
always converge, whatever may be its value, as appears from 
thelMeditationes. 
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XVIII. On the Refolutlon of attraSlive Powers. By Edward 
Waring, M. D. F. R. S. and Lucafian Profejfdr of Matbe^ 
mattes at Cambridge. 



Read May 28, i/Sp* 

1. A FORCE a£ling at a given pointimay be reiblved by an 

JLjL infinite number of ways into two, three, or more (») 
forces ading at the fame point, either in the fame or different 
planes with the given force and each other ; and, n^tce ^erfd^ 
any number of fuch forces a£ling in the fame "or difierent 
planes may be reduced into one. 

Ex. Fig. I. Tab. III. Let a body A be aded on by three forces 
AB, AC| and AD, not being in the fame plane ; reduce any two of 
them AB and AC to one A£, by compleating the parallelogram 
ABEC ; then reduce the two forces AE and AD to one AF by 
completing the parallelogram AEFD, and the three forces AB, 
AC) and AD, are reduced to the one AF, 

%. If ;i forces ad on the body A at the fame time, and any 
(« - 1) of them be reduced to one, the force refulting will be 
iituated in the fame plane with the remaining, and force equiva- 
lent to the {fi) forces* 

3. If one force a be refolved into feveral others x^y^ Zf v, 
&c. iituated in different planes, and the fines of the angles, 
which the forces y, 2, v^ &c. contain with the plane made by 
the direction of the forces x and a be reipedively /, /, y\ &c. 
then will {y=^j'»sfc/^vd=&c^Ot 

P K O- 
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PROBLEM I. 



f*ig. 2. Given the law of attradtion of each of the parts of 
a given line in terms of their diftance from a given point P ; 
to find the attraclion of the whole line ab on the point P. 

Find the attraftion of the. line ab on the point Pin the two 
direflions P/* z\\AJb by the following method. Draw P^ from 
the point P to any point x of the line ab^ the force afting oa 
the point P by the particle xy will be the given funftion (de- 
termined from the given law of attraftion) of the diftance into 
the particle ; draw alfo PA perpendicular from the point P to 
the line ^^, and let P/'=^i */ = *> ztiAfx=y\ then will the 
diftance ?xz=z ^{a'^z^^by-^-'f)^ and the fundlon of the dif- 
tance Into the particle ^ = ^ (v/(^*— ^^j^-f/)) Xj? = F(^) xyi 
let this te denoted by Ix fituated in the line Vx^ which refolvc 

into two others ^^= p;,J':^^Jj>S^ fituated in. the line ab^ 

and/»(m a direfiion parallel to P/^=;^.^E^^^J—rT; find the 

fluents of the Hukions ^^^iM and 'iiill^ contained be- 

tween the values af and fb of the line^zi^, which fuppofe 
Y and V refpeftively ; through the point p draw Py parallel to 
fb=:Y^ and in the Ihie P/" aflume P«=sV; complete the 
parallelogram Puzy ; Pz will be the force of the line ab on 
the point P. 

Cor. If F : (y^ varies as any power or root (2«) of the dif- 
tance P^ = v/(^*— ^^J'+y)* and ;2-i be an integer affirma- 
tive number or o, the fluents Y and V of both the fluxions can 
be found In finite algebraical terms of ^ ; if « — i be an integer 
n^ative number, both the fluents can be found in the above- 
i mentioned 
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mentioned finite terms together with the arc of a circle, whofe 
radius is \/tf* — ^* and tangent ^=p^, unlets ;2-|=-i, in 
which cafe the fluent Y involves that circular arc, and alfo the 
logarithm of y =+= 2^^ + ^*. If » — | denotes a fradlion whofb 
denominator is 2, both the fluents can be exprefled by the 
finite terms together with the log. of ^=s=^ + ^(y*=i=2^^ + tf*). 
If the fluents be given, when n\s a given quantity, and »— | 
not a whole affirmative number, from them can be deduced 
the fluents of any fluxions refulting by increafmg or dimi- 
nifhing » by a whole number, unlefs in the above-mentioned 
cafe of « — i = — 1. If ^ = 0, and coufequently the line lyis 
perpendicular to the given line ab^ the fluent Y will be ex- 
prefled by the finite terms, unlefs » — i «» — i, in which cafe 
it will be as \ log. (y + ^*) when properly correfted. 

Thefe fluxions ^ and V may be transformed into others, 
whofe variable quantity is PA: = tt the diftance from P, by fub- 
flituting in the fluxions for y and y their refpe£tive values 

^(«* — ig* + 3^)=;=3 and ^/^J^'^a ; >x > ^^^ confequcntly for 

^(yzi^zby + a^) its value u. 

P R O B L K M II» ^ 

Fig. 3. Given the attraftion of each of the parts of a given 
furface in terms of their diftance from a given point P, and an 
equation exprefling the relation between an abfcifs hp = x^ and 
its correfpoiident ordinates ^/w =j^ of the furface; to find the 
attradlion of the furface on the given point P, 

Firft, by the preceding propofition find the attraftions Y 
and V of any ordinate m p m^ in the direftions of the ordinate 
pm and of the line P/j and from the equation exprefling the 

relation 



i88 Dr. Waring on the 

relation between the abfclfs and ordinates of the given curve* 
find the abfcifs in terms of the ordinates (^/w) = 7r : (y), and 
thence ^-^i^ : (^)xj^ andy/(y*=±=2J/i'',v + x'*) = ^' : (^), where 
PA — tf^ and i=:cofine of the angle, which the abfcifs Kp 
makes with the line PA ; then find the fluents of the three 

fluxions XX Y=;^xYx(p : {y), ^X ^^^..^^^^.^^^> =^ : (>^) X 

y X V(\ X V and X X // n^^ , v i. = V X J T . contained be* 

tween the values of y^ which correfpond to the extreme 
values of x, which fuppofe Y^ V", and Z ; and drew through ^ 
the point P the lines Py and Pz refpeftively parallel to the 
ordinates pm and to the abfcifs Ap and equal to r x Y^ and V^ i 
affume Vu in the line (PA)=/xZ, r and t denoting the fined 
of the angles, which the ordinates pm and line AP make witli 
the abfcifs Ap : reduce thefe three forces Py, P«^ and P», to 
one P/^ and ¥f will be the force of the furface oa the 
point P. 

Cor. I. If for^ andj^ be fubftituted their values In terms of 
X and X, deduced from the equation, exprefiing the relation 
between the abfcifs Ap and ordinate pm of the given curve, 
thence will be deduced the above-mentioned fluents Y, V, Y% 
V% and Z, in terms of x ; and in the fanje manner, if for x and 
X be fubflituted in the fluxions or fluents refulting their values 
^(«* — y*+ iV*)=p/^^, and its fluxion, there will refult th? 
above-mentioned fluxions or fluents in terms of u the diftance 
from the point P. 

Cor. 2. Let the curve be a circle, of which A is the center, 

PA a line perpendicular to the plane of the circle, and the 

ordinate pm perpendicular to the abfcifs Ap ; the forces on each 

fide of the abfcifs Ap will be equal, and the force in the direc- 

6 • tion 
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tlon of the abfcifs Ap will be equal to that in the contrary direc- 
tion; the force in the direaion (PA) = 4X C- — r^— r- X 

^ ^ %f i/(tt — a ) 

^^.xF:(^(»'+y))=W, in which F : (v/TT?) is 



/ 



the funiftion of the diftance, according to which the given 
force on the particles varies; the fluent Z^,'^/ ^ x F: 

\/(^*+/) ^5 contained between the values o and v/(^* + ^* — «*) 
of the quantity jv, and the fluent W is contained between the 
values a and v/(^* + °^ ^^ quantity «r, where /i=:PA andr 
the radius of the circle; but the fame force is=2 X31I4159 
&c. X f (iu X F : (tt), where F : («) denotes the given fundtion 
of the diftance {u)y and the fluent is contained between the 
values a and >/c^ + r* of u. 

PROBLEM III. 

To find the attraction of a given folid on a given point P. 
Find the attraction of every parallel fedion on that point by 
the preceding problem, and multiply it into the correfpondent 
fluxion of the firft abfciifa AP, and alfo find the fluent of the 
refulting fluxion, which, properly correfted, multiply into the 
fine of the angle, which the firft abfcifla makes with the paral- 
lel feCtions, and the produdt will be proportional to the attrac- 
tion of the folid on the given point P. 

2. Fig.. 4. Let the folid ABCH be generated by the rotation 
of a given curve round its axis AB, which pafles through the 
point attracted P, and this folid be fuppofed to confift of fmall 
cvanefcent folids, whofc bafes are the furfaces EF, ef &c. of ^ 
fpheres, of v/hich the center is P, and altitudes F/i &c. the 

Vol. LXXIX. G g incrc- 



ipo Dr. Wamng on the 

Incpemetits of the bafe AB contained between the two conti- 
guous furfaces EF and ef: from the points E and e of the 
curve draw ED and ed perpendicular to the axis AB, and ES 
perpendicular to the arc E^ of the given curve at the point E, 
and meeting the axis AB in S ; then will the evanefcent folid 
EF/^=/xPExFDxF/=;5xFDxPSxD^ (bccaufe F/ = 

^ j -/ X v/(s* +/) - a X ^zz^yy^ where s and y denote 

refpeftively the abfcifs PD, and its correfpoudent ordinate DE 
of the given curve. 

The increment of the attraftioa of the furface EF on the 

point P in the diredlion PD will be as the increment of the 

pn 
furface (/ x PE x D</) x ^ X force of each particle =/ x PD x 

Di/x given force of the particle; but the fluent of the fluxion 
PD X D</ contained between tlie points E and F i8=iPE*- 
iPD' = iED*, whence the attraftion of the evanefcent folid 



EF/i? is as i/xEP*xF/*xF : (v/;c*+y) force of each given 
particle at the diftance (PE = ^(x* +/)) = j^ x ED' X ^ X D<^ 

XF; (v/?T7) = i^'X;^jXF:(^(»;»+/)); the fluent 

of which, properly correfted, is as the attraidtion of the folid 
OQ the* point P ; p denotes the circumfereace of a circle^ whofe 
radius is i . 

Cor. I. The fluxion of this folid is ip/zz=zY which, deduced 
from the preceding principles =/ x (v/(»* +y) — 2) X (*^^=f^) 
=r V, and confequently their fluents between two values of s, 
which correfpond to twa values of ^==0, will be equal to each 
other. 

Cor. 
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.Cor, t, 'l^he tncretnenC of the attraction of this folid as given 

b this propofition ipxfx ~^tx ^ F : (v/(a*+/)=» 

U, but ill the preceding propofition the force of a circle on 
the point P ii/ x /au x F : («), where u =t ^^(« +/) and 
^=z, and jf or x^ the only variable quantity contained in the 
fluxion ; and confequently the fluxion of the attraftion of the 

folid f X zy-z^-^:^ X F : ((2;* +/)*) t= \V ; therefore, if for 

the fluent of ;p^^^^ >^ F s ((2*+/)^ ^^ fubftltuted its fluent 

contained between the values a and the value of ^, which in 
the given equation correfponds to z; then the fluents of 

U and \^ contained between the two values of 25, which cor* 
i-efponds to two values of j^=o, will be equal to each other. 

The difference of the fluents of Y and V, &c. contained 
between any other two values of z, can ealily be deduced from 
the difference of two fegments of fpheres. 

1 . It may not be improper to remark in this place, that 
from different methods of finding the fum of quantities, the 
fluents of fluxions, the integrals of increments, &c. quanti- 
ties may often be deduced equal, which otherwife cannot with- 
out fome difficulty; of which inftances are contained in the 
Meditationes, and I fhall here fubjoin one or two more to thofe 
already given in this Paper. 

Ex. 1 4 Any curvilinear arjca ABC, &c. maybe fuppofed to 

confift of evanefcent areas EFefj of which the bafe EF is the 

arc of a circle, whofe radius is PErz^(s*+/) and fine ED = 

^, and altitude F/*, and confequently the fluxion of the area 

isF/'x arc (A) of a circle whofe radius is PE and fine ED = 

Gga PS 
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^J. xzx A;= ^^T^\, X A = V ; the fluent of V contained ' be- 

PE V(» +>} 

twcen the two values of z which correfpoud to two values of 
(j^)=o will be equal to the fluent of^i contained between 
the fame two values of %. 

Ex. 2. The attradlion of any circular arc EF in the direftion 
PD on a pohit P (P being the center of a circle, of which EF 
IS an arc, and ED the fine of that arc) will be as ED x force at 
diftance PE = ED x F : (PE) ; for the attradion in the direc- 
tion PD//T at the point x is as the increment of the arc xy x 

F : (PE) ^ p (^' and yi' being at right angles to PF) = U x 
?:^x^xF:(PE) = H2iI^F:(PE)==_^== x F : (PE), 

if ttuP/; and confequently the fluent of it is as v/P£* — «* 
X F : (PE) = ED X F : (PE), and the attraftion of the furfacc 

EF(/" will be as ED x F/x F : (PE)=ED x z x g x F : (PE) 

::zy x J'^T^K. X F : ((z* + jy*)* = V ; the attraftion of the curve 

will alfo vary zs /z /-^^ — ' ((^ +» ) J -^ w in which the 

fluent of ^^ .^ ^ ^ is contained between » = o and « = y ; 

the fluents of V and W contained between two values of s, 
which correfpond to two values of j/ = o, will be equal to 
each other. 

2. From a fimilai; method may be deduced equalities between 
other like fluents, for the curve may be fuppofed to confiftof 
other fimilar curve furfaces equally as circles, and the folid 
of fimilar fegments of other folids equally as fpheres. 

3- From the fame principles may innumerable feriefes equal 
to each other be deduced ; for by different converging feriefes 

find 
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find the fum of the fame quantity or quantities, and there will 
rcfult feriefes equal to each other : for iuftance (fig. 5 ), if the 
time of falling down the arcs AC and BC and their interpola- 
tions from the principles delivered in the Meditationes Ana- 
lytical, of which the difference let be D ; find the difference 
between the times of a body's falling through BC when it 
began to fall from A and from B by a feries proceeding accord- 
ing to the dimenfions of AB =0^ a fmall quantity ; and find, 
by a feries of the fame kind, the time of falling through AB ; 
the fum of thefe two feriefes will be equal to D. Similar pro- 
pofitlons may be deduced from fluxional equations. 

4. In fome cafes the ratios of the times of bodies falling 
through Ibme particular diflances to each other may be eafily 
known ; for inftance, let the force vary as tht m^i power 
of the diftance (*•), and a be the diftance from which the 
body began to fall, then the velocity varies as y/(t2* - x"), 

and the increment of the time as ^ — -• ; but if the parts 

of different curves are proportional, then will ^, :v, and x vary 
in the fame ratio as each other, and confequently the time 
through proportional parts of the diftance will vary as 

a ^—2 ; and if the bodies be refifted likewife by a force which 
2 

varies as the ^HlZ^ power of the velocities, then the times 
through proportional parts will vary as before, that is, as 
a -^^—j where a denotes the proportional diftances from the 
points where the forces and refiftances are equal. 
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PROBLEM IV» 

1. Fig. 6. Given an equation exprcffing the relation between 
the two abfciflas » = AP and atstP^ and their correfpondent 
ordinates^=s//w of a folid, to find its folid contents contained 
between two values of its firft abfciffe %. Affume % as an inva- 
riable quantity, and from the equation refuking find the fluent 
Z oi yx contained between the extreme values oT x ox yi then 
find the fluent of Zz contained between the given values of 2, 
and the fluent multiplied into the product of the fines of the 
angles, which the firft abfcifla makes with the plane of the 
ordinates and fecond abfcifs, and the fecond abfcifs m^kes with 
its correfpondent ordinates, will be the folid content required. 

2. Fig. 7, Let the firft abfcifs a of 4 folid be perpendic-ular 
to the planes of the ordinates, and the fecond abfcifs Vp^^ 
perpendicular to the ordinates themfelves pm ^y. Firft, aflTume 
the firft abfcifs as invariable, and find the increment of t^ 
arc^^wc:(x*+/)*, then aflume the fecond abfcifs Pp as con- 
ftant, and let mu be the fluxion of the ordinate y or Uf when 
the fluxion of the firft abfcifs is i = u/^ where ul is perpendi- 
cular to the plane of the ordinates p^m^ and / a point of the 
furface of tlie folid ; draw ub perpendicular to the arc p^m^ and 
fince ul is conftituted at right angles to the plane pp^f^i^ lb will 

cut the arc p^m at right angles; but ubrs "'^^^^ =: . ."* . ', 

/6 = (bu* + /uy=(-^^ + z')'ithc fluxion of the furface will be 

lb X y/(x* +j/*). From the given equation exprefling the rela- 
tion between the two abfciflae z and x and ordinates y find, by 
affuming z invariable /x^srj^, and by afluming x invariable y.ts = 
4 f^^i 
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y=Uf which being fubftituced for their values in the qunntlty 
ib X y/{x +/), there will refult (y* +/ + i )i x ^ X i = hxz = 

1^—t^-i-^X/X 2^=3^2;; in A and B for y and x rcfpcifllvely 

fubftitute their value deduced from tlie given equation, and let 
the refuking quantities be h^xz and l&'yz^ where A^ is a func- 
tion of X and z, andB' a fundion of y and z ; find the fluent 
of h'xz from the fuppofition that x is only variable contained 
between the extreme values of :v to a given value of s, which 
let be Li, then find the fluent of Lz by fuppofing % only 
variable contained between given values of s, and it will be 
the furface of the folid contained between thofe values. 

The fame may be deduced by finding the fluent of B^i: on 
the fuppofition that ^ is the only variabk quantity contained 
between the extreme values of ^ as before of x to a given value 
of 2, which let be Uz ; then will the; fluent of Uz contained 
between the given values of z be the furface required. 

If the folid be a cone generated by the rotation of a reftan- 
gular triangle round a fide containing the right angle as an 
axis ; bu will be a given quantity, if z be given. 

If the above-mentioned angles are given, but not right ones, 
the arc p'm and perpendicular l^h can eafily be deduced, and 
confequently the increment of the furface. 

3. To define a ciirve of double curvature, it is neceflary to 
have two equations expreflSng the relation between the abfciflae 
» and J^and their ordinates (>') given, and if the angles which 
they refpe£lively make with each other be right ones; the 
fluxion of the arc as given in the. Proprietates Curvarum is 
{z-\-x+y^Y. Find its value from the two given equations in 
terms of Af, J?, or 2, multiplied into its refpeftive fluxions, and its 
fluent, properly correfted, will be the length of the arc required. 

If 
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If the angles arc not right, they may cafily be reduced to 
them. 

4« The attracStions of thefe furfaces, curves, &c. on a given 
point P may be deduced from the preceding principles of finding 
the attraction s of each of the parts in the diredtions of the firft 
abfciffa, which pafles through the point P, the fecond ab- 
fciifa, and the ordinates, and then finding the integrals of 
thefe increments. 

From the method which determines the attraftlon of a body, 
furface, &c. on a given point can be determined the attradlion 
of a body, &c. on any number of points, and confequently the 
attradlion of one body, &c. on another, &c. 

It IS fometimes advantageous to transform the firft abfcifs, 
that it may pafs through the point attrafted ; and the abfciflk 
and ordinates, that they may be at right angles to each 
other, &c. 



PROBLEM V. 

I. Fig. 8. Given an equation cxpreffing the relation between 
the two abfciffae AP and Vp of a folid, and their correfpondent 
ordinates pm^ or AP", V^p\ and p^mf ; to transform the firft 
abfciffa into any other LA. 

Let the abfciffa U) begin from a point L of the firft ab- 
fciffa AP, and meet an ordinate pm in the point A ; draw hp^ 
and let the fines of the angles P/w, PA/, and ^PA ; LPA, 
PAL, and PLA, be denoted refpedlively by r, J, and. /, &c. 
r\ s\ and /'' ; through a point A of the line PA draw p^l/mf 
parallel to pftiy and LA = ?, AA" = ;if, and AW = ^: in the given 
equation for AP, P/, and pm fubftitute refpeftively their cor- 
refpondent 
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refpondent values ^i±:AL(^2), Lf dt- (for PA = -^ and Vb' ^ 

Vh±zhb^ zz-^dtzx)^ and ^r±:--;-=±= -> ; there rcfults an equation 

to the fame folid expreffing the relation between the two ab- 
icifik z = L6 and .r, and their correfpondent ordinates y. 

I. 2. If the abfcifs LA does not begin from L, a point in 
the firft given abfcifs AP, but from M a point given out of it, 
it may be reduced to the preceding cafe, by drawing from M a 
line MN = c to the plane of the firft and fecorid abfcifl'ae parallel 
to the ordinates pm\ and from N to the firft abfcifla a line 
NO = b parallel to the fecond abfcift'a?, and fubftituting in the 
equation expreffing th6 relation between AP, P/, and pm for 
AP, P/, and pm refpeftively ZztiAO (tf), x^b and^=±=<:; 
and there refults the equation required expreffing the relation 
between the two abfciffae af and at, and their correfpondent 
ordinates y^ of which the firft abfcifla z pafles through the 
point M. 

z. To chjinge the fecond abfcifla P^ Into any other LA, the 
firft abfcifla and ordinates remaining the fame. In the pre* 
ceding figure let L be confidered as a moveable point of the 
firft abfcifs AL, and the fines of the reipe£tive angles denoted by 
the fame letters as before, and L^ = a?, AL=2, and hm::^yivx the 

given equation for AP, P/, ^mdpm^ fubftitute »— ^> ^, and 

y^^ ; and there will refult the equation required expreffing 

the relation between 2;'and*:v the ab£:iflse, and their cor- 
refpondent ordinates y. 

3* Fig 8. To change the ordinates, the abfcifife remaining 
the fame, draw j/m an ordinate transformed, p^b parallel to 
the firft abfcifla AP, and meetbg a fecond abfciflki of which 

yoL. LXXIX^ H h pm 
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pm \s art ordinate In b : for the fines of the angles ^''ifr^, bpp\ and 
^/^ ; p^ptn^ p^P\ and /j^^/w write r^ j, and /, r^, s\ and /^ ; and 
for AP% P'^% and^^m refpe^ively z, X| aii^jy ; then fubftitute 
in the given equation for AP, P^^ and^/w, their refpeftive values 

a (AF):s=— , x^, ;c (Py =*='^J> ^^ pj » ^*^ ^^^^^ rcfults aa 

equation to the folid exprcfling the relation between the two 
abfclfl'» AP^ and F^" and the tran formed ordinates p^m^ 

From thefe calcs, which are eafily reducible to one, may be 
transformed any given abfciffae and their correfpondent ordi- 
nates into any other contaiimig given angles, '&c. with the 
before-mentioned abfclfile and ordinates. 

In the properties of curve lines, firft publifhed in 1762^ Is 
given a method of deducing the eq^uation to any feftion of the 
folid, and in particular the cafe of deducing the equation lo 
the projeftlon of any curve on a given plane^ 

From the principles givea in this, and the Paper on centri- 
petal forces, which the Royal Society did me the honour to 
print, can be deduced the fluxlonal equations, whofeHuents 
exprefs the relations between the abfcidis and their correfpon- 
dent ordinates of the curves defcribed by bodies, of which the 
particles aA on eadh other with forces varying according ta 
f iven fundions of their diflances. 
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XIX. ExpmmentT on the Congelation of ^ickjher in England. 
By Mr. Richard Walker; in a Letter to Henry Cavcndlfh, 
JS^^ F* Rm 8-% 



Read May aS^ 1789. 

SIR, 

I NOW beg leave to trouble you with the particulars of my 
experiments relative to the congelation of mercury; to 
which I ihall add an account of a few experiments, relating to 
the pt'odudtion of artificial cold^ made iince my laft Paper was 
written. 

Exp. I. On December 28th laft, a favourable opportunity 
ofi^red of beginning fome experiments on the congelation of 
mercury, which 1 yras defirous of efieding completely ; bow 
far I have fucceeded will appear in the fequel. 

For this purpoTe I prepared a mixture c^ diluted vitriolic acid 
(reduced by water till its fpecific gravity was to. that of water 
as I95596 to i) and (Irong fuming nitrous acid, of each equal 
parts. I preferred this mixture of acid becaufe It has been 
found by Mr. M« Nab, in Hudfon's Bay, to be capable of 
producing much greater cold, when the temperature of the ma« 
terials at mixing is very low, than the nitrous acid alone; the 
former finking a fpirit thermometer to — 54''i, the latter never 
lower than — 4)6^. 

The glafs tube of a mercurial thermometer, with its bulb 
half filled with mercury, was provided^ tbis occurring to me 

H h ^ as 
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as a Convenient method of afcertaining when the mercury was 
congealed ; for if, after being fubje£ted to the cold of a frigo- 
rific mixture, the thermometer glafs (hould be taken out and 
inverted, and thq mercury found to remain completely fuf- 
pendcd in that half of the bulb now uppermoft, no doubt can 
remain of the fuccefs of the experiment ; an hydrometer, with 
its lower bulb half an inch in diameter, and three-fourths full of 
ipercury, was likewife provided, in cafe any accident (hould 
happen to the other* 

It may be proper to premife here, that in all experiments of 
this kind I renjove each veffel, when the liquor it contains is 
fuffieiently cooled, out of the mixture in which it is inunerfed 
for that purpofe, imn^ediately previous to adding the fnow or 
falts with intention to generate a flill further increafe of cold ; 
and likewife prefer adding the fnow or powdered falts to the 
liquor, inflead of pouring the liquor upon thefe : it is neceifary 
alfo to flir about the fnow or falts, whilft cooling in a frigorific 
miacture, from time to time, otherwife it will freeze into a hard 
mafs, and fruftrate the experiment. 

A half-pint glafs tumbler, containing two ounces and a half 
of the. above-mentioned diluted mixture of acids, being im- 
roerfed in mixtures of nitrous acid and (how, until the liquor 
it contained was cooled to -- 30% was removed out of the 
mixture and placed upon a table; fnow, likewife previoufly 
cooled in a frigorific mixture to — 15'', was added by degrees to 
the liquor in the tumbler, and the mixture kept ftirring until a 
mercurial thermometer funk to — 60% where it remained fla- 
tionary ; the hydrometer was then immerfed in the mixture 
(the thermometer glafs having been broken in the courfe of 
the experiment), and flirred about in it fo& a fhort time, and 
on taking the hydrometer out, and gently fliaking it, I 
I perceived 
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perceived the mercury had already acquired the confiftence of 
an amalgam, and after immerfing it again for a few minutes 
and then taking out and inverting it, I was gratified for the firft 
time with the fight of mercury in a ftate of perfeft congela- 
tion. I applied my hand to the inverted glafs bulb ; this fooii 
loofcfled the folid mercury, which, on fliaking the hydro- 
meter, was diftin^Iy heard to knock with force againft the 
glafs 3 it was then immerfed a fecond time, and when taken 
out was found adhering to the glafs as before. I now inverted 
the glafs again, and kept it in that fituation until the whole of 
the mercury melted, and dropped down globule after ^obule 
into the ftem of the hydrometer. The interval of time from 
taking the mercury out of the frigorific mixture in a fblid ftate 
the laft time, to its perfcft liquefadtion. Was not hoticed ; but 
upon recollection immediately aftejrtvards, was fuppoled tb be 
not lefs than three or four minutes. In a fucceeding experi- 
ment this circumftance was attended to, and the frozen mer- 
cury, weighing feven fcruples, was not entirely melted under 
feven minutes, the temperature of the air +30^. 

The experiment which follows I confider the moft extra- 
ordinary, becaufc it proves beyond a doubt, that mercury may 
be frozen not only here in fummer, but even in the hotteft 
climate, at any feafbn of the year, by a combination of fri- 
gorific mixtures, in the way defcribed in the Philofbphical 
Tranfadlions, Vol. LXXVII. p. 285. in which attempt to 
freeze mercury, made April 20, 1787, the temperature of 
the air and materials being +45% i certainly reached (without 
the afiiftance of fnow or ice) the point of mercurial congela- 
tion ; but had then no fatisfaftory proof that any part of the 
mercury was abfolutely congealed. 

Exp. 
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Exp. 2. On December 30, three ouncea of a mlxfure' com- 
pofed of flrong fuming nitrous acid two parts, and firong 
vitriolic acid and water each otie part, were cooled in 2 half 
pint tumbler immeried in a frigorific mixture, till the tempe«> 
rature of the diluted mixture of adds was reduced to ^ 30^ 
The tumbler was then removed out of the mixture, and 
vitriolated natron (Glattbbr^s fait) in very fine powder, pre* 
vioufly cooled to — 14* by a frigorific mixture, added by degrees 
to the liquor in the tumbler, (lirrihg it together until the mer* 
cury iti the thermometer funk to —54**. The hydrometer 
ufed in the formet expei'iment, with it» lower bulb threes- 
fourths full of mercury, was now immerfed* and ftirred about 
in the mixture for a few minutes, when on taking it out, and 
inverting it, I had the fatisfadion to find the fame prtxkf of 
the mercury being frozen as in the former inftance. It was 
immediately ih^wn to the gentlemen prefent, who exprefled 
likewife their entire fatisfadlion. Nearly font ounces of the 
powdefbd fait wad added ;* but, I believe, if>m^ was added aftef 
the greateft efFedt was prokluced, t had no nitrated ammonia 
by me, otherwife I (hould have ufed upoti this occafion, inflead 
of vitriolated natron alone, a mixture of thefe two falts in 
powder, in the proportion of (even parts of the former to 
iight of the latter. The temperature of the room in whicb 
thefe experiments were made was + 30® each time, and the 
mercury taken from ajar containing feveral pounds; 

Exp. 3. By an experiment made purpofcly. on January ib. 
laft, at which Dn Box7R1^£ was prefent, I have fbimd that 
mercury may be congealed tolerably hard, by adding frefh 
fallen fnow, at the temperature of + 32*, to flrong fuming 
nitrous acid, previoufly cooled' to between —25^ and —30% 
which may be very eafily and quickly effected by immerfing 
6 the 



the yeSk\ coiuain^og the ;acid iii,a mixluxe of iv\QW and uUrous 
acid. 

I ufe tht fuming mtrous acid upon all occaiions, becaufe that 
does oot fequire to be diluted, cold being immediately pro- 
duced on the fmalleil: addition of fnow« 

Exp^ 4» On Jaouary 12, at .Dr. Thomson^s requeft, I 
repeated the experiment of freezing mercury, at the Anatomy 
School in Chrift Church, in the .prefeiice of the honourable 
Mr, Wenman, the rev. Dr. Hoake, Dr. Sibthoilp, junior,. 
Dr. Thompson, the xev» Mr. Jacksqn of Chrift Church, 
and Mr. Wood of this place,, a^ gentleman well known Sot 
his ingenuity in mechanics.. 

For this purpoTe we« 4>royided a fpick thermometer gra- 
duated very low, and a mercurial thermometer graduated to^ 
— 76^* twa thermometer glaflbs, with bulbs very .near, if not 
^uite, an inch in diameter each, ane filled jwith jnercury 
nearly to the orifice of ^ tube,, wbkh .was left open,, the 
other with it$ bulb* half 'fitiod, and an jiydrometer.with its 
lower bulb (confiderably lefs than either >cif the others) like- 
wife half filled with xnercuny ;. Jtheiempceatdiceofiheroomat 
jhis tiroe.+ ^8^ 

A pan, containing nine ounces of the mixture .of : acids ,pce«^ 
pared a?^ in the firft expcrimentt wa$ placed in .a langer. pan,, 
containing rutrous addt and thiis, in a frigorific j^iztnxs .of 
nitrous acid and fiioiv, contained .in aaother pan much larger 
When .the nitrous acid tnthe fecond .pan was.ccnkd ^'hy tins 
mitxture tQ t-i8% apd the mixed acids < in the fmalieft pan 
nearly a;S much, foow at fomQWhat* between. 4r^o^ and. 4* 25% 
the tempenituce.of ;th9.Qpen air at that tioie, was added ;to the: 
nitrous acid in the leccmd pan^ until .the ifpicit thecmometcsr 
fiink rtp n^ar -Td^i theo >tbe thermomatar, with tfa ijiulb 
4ialf r^ed,, was immeried a fufficient time^, and when takea 
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out, the mercury in it, was found congealed, and adhering to 
the glafs. The pan containing the mixed acids, and which 
had been r/smoved whilft the fnow was added to make the 
fecond mixture, was now replaced in it, in order to be cooled; 
and when the mixture of acids was reduced to the tempera- 
tare of— 34% fnow previoufly cooled to— iS'' was added, 
keeping the mixture ftirred until the mercurial thermometer 
funk to — 60° ; its temperature by the fpirit thermometer was 
then found to be — 5 1®. 

The three glaffes containing the mercury to be frozen were 
now immerfed in this mixture, and having been moved about 
in it for a confiderable time, during which the fpirit thermo- 
meter rofe fcarcely one d^rce,^were then fevcrally taken out 
and examined. 

As the examination of the frozen mercury was more imme- 
diately under the infpedlion of Dr. Thomson, I Ihall tranfcribc 
here that gentleman's account of the phacnomena. 

" When the freezing mixture was fuppofed to have pro- 
duced its effect, the bulb which was completely filled was 
taken out, and broken on a flat ftone by a moderate ftroke or 
two with an iron hammer. This bulb was eleven or twelve 
lines in diameter. 

The folid mercury was feparated into feveral (harp and bril- 
liant fragments, fome of which bore handling for a fhort time 
before they returned to a fluid form. One mafs, larger than 
the reft, cbnfifting of nearly one-third of the whole ball, 
afforded the beautiful appearance of flat plates, converging 
tQwards a center. Each of thefe plates was about a line in 
breadth at the external furface of the ball, becoming nar- 
tower as it ihot inwards. Theie facets lay in very different 
planes, as is comawn in the fra^lure of apy cryftallized ball, 

whether 
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iK^liether of a brittle metal or of the earths, as in bisilh of cal-^ 
careous fialaAite. The folid brittle mercoiy in the preient 
Inftance bore a very exad rei«mblance, both in colour and 
plated ilrufture, to fulphurated antimony, and efpeciallj to 
the radiated fpecimens from Anvergne, before they are at all 
tarniflied. 

Inftead of a folid center to this ball, it fccmed as if there 
had been a central cavity, of about two lines in diameter, a 
ooniiderable portion of which was evident in the fragment juft 
defcribed, at that part to which the radii converged. It \% 
indeed poflible, that this may have been merely the receptacle 
of fbme part of the mercury remaining fluid at the center^ 
The hollow within was (hining, but its edges were neither 
foft nor mouldering ; on the contrary, they were fiiarp and 
well defined : nor was the brilliancy of the radii attributable to 
;any ^exudation of mercury as from an amalgam. 

In the two fmaller bulbs, which were only half filled, the * 
mercury preferved its ufual luftre on the furface in conta£t with 
the glafs, as well as on Chat fbrface which it had acquired in ' 
becoming folid. The latter was occupied hj a conical depre^ 
fion, the gradations of which were marked by concentric 
lines. 

One of thefc hemifpheres was ftruck with a hammer, as in 
the former inftance, but was rather flattened and crulhed than 
broken, The other, on being divided with a (harp chiflcl, 
fhewed a metallic fplendour on its cut furface, but not equal* 
Tmg the polifli of a globule of flmd mercury/' 

Thirteen ounces of fnow in the whole were found to have 
been added to the mixed acids ; but fome was added to lower 
its temperature after the glafles containing the naercury were 
taken out, and the fpirit thermometer had rifca a few degrees. 

VOI..LXXIX. I 1 This 
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This was a day r^aiarkably favourable for fuch sn experl^ 
ment« My thermoEneter expofed to the open air flood, - at 
thr^e quarters paft eight this moruiug* at + 6% which is a very 
extraordinary degree of cold here) hut tlus experiment was. 
not begun till noon. 

Exp. 5# Oft Jan. 14. I froze mercury at the Anatomy 
School again, in the prcfence of the rev* the Dean' o£ Chrift 
Church, the rev- Dr^ Hohnsby, and Dr» TffoMsoN^ 

Four ounces now of the mixture of acide, prepared a& in the 
firft experiment,^ were cooled in, a tumbler to. — ^o**, whicb 
required igmewhat more than an equal weight of fnow, cooled 
nearly to the &me temperature, to produce the greateft t&O:. 
This was ipmewhat h& than in the laft experiment, th^ fpirit 
thermometer finking no. lower than --46% owing chiefly to tho^ 
weather having become much warmer, the temperature of the* 
open-air being now +36^ The mercurial thermometer in»* 
merfed in this mixture funk to —55% where* it became flci« 
tipnary ; then two thermometer glaflcs,. one half filled with 
mercury,, and the other filled to a confiderable height up tho 
the tube, after being immerfed fbme time^ were examined^ 
Upon breaking the flielLof glafs fronnthe former of thefe, tha 
mercury was found in a perfedly folid ftate; but its upper 
furface, whick was . highly poliihed, and of the colour of 
liquid mercury^ inflead of being only (lightly deprefled, a& 
had been feen in every other inftance which afforded an oppor- 
tunity foe infpcdion, now formed ^ perfedlly inverted hollow 
cone. This great depreffion,. as well as the concentric circles* 
mentioned' in^ a former inftance, I fnppofe,. might be owing to 
a rotatory motion accidentally given to it whiUL congealing*. 
The Iblid mercury was beaten out, but having been fufFcreA 
to lie fome tipae on the table for infpe£fcion^ veiy quickly 
d . meked. 
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melted Into liquid globules. The flexibility of folid mercury 
was clearly to be obfcji^ved in this beautiful fpecimen ; for the 
external furface, particularly the upper fchin rim of the con* 
CaVe part, was evidently bent by the firft gentle ftroke'of the 
hammer. The globe of mercury in the other glafs, which 
was very fmall, exhibited neatly the fame phaenomena, as in 
the inflances before mentioned. 

It happened in thefe experiments of mine, contrary to what 
has generally occurred to others, that the mercury never funk 
lower than - 6o% feWom fo low, in the thermometer, and 
but little below the point of mercurial congelation in the 
tubes of the thermometer glafles filled nearly up to the orifice, 
Ivith a view to (hew the contra6lion of mercury in becoming 
folid by its great defcent in the tube. On reflefting on this 
circumftance afterwards, it occurred tq me, that the further 
defcent of the mercury in thefe experiments was prevented not 
folely by the mercury freezing in the tube, the caufe com- 
monly afligned, but rather by the quick formation of a fpheri* 
cal ihell of Iblid mercury wkhin the bulb, by the fudden 
generatioti of cold. 

Dr. Bbddoes expreffing a defire to exhibit folid mercury at 
his Lefture before his Clafs, I undertook to freeze (bmc at the 
Laboratory on March 1 2th laft, and novr refolved to fatisfy 
myfelf refpedling the caufe which prevented the lovfrer defcent 
of the naefcury in my former experiments. In thisj as well as 
the former, the mercury in a thermometer graduated to — 6o^,- 
and lik-ewife in a thermometer glafs, filled nearly to the orifice, 
which lengtheoed its Icafe to near —250% funic assAj a few 
degrees below the point of mercurti^ coi>gektiof), and then, 
romaified ftafionary. After waiting forae rime, 1 took* fhe 
thermometer out ofc the mixture^ and obferved the bulb appa- ' 
rcntlylfull, and the fliort thread of mercury above unbroken^ 

1x2 1 now 
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I now embcaced the losvei: part of the tube with my hand a 
few feconds, refting it upon the upper part of the bulb; and 
upon taking it away^ I found that, the whole of the.aiercury 
had fubfidedinto the bulb, which it did not now quite, fill^ a 
finall fpace.at the top of cho. bulb remaining empty. I. then 
took out the thermometer glafs, and applied' mty hand to the. 
tube; but the mercury remained ftationary until 1 funk my^ 
hand fo as to communicate heat to, that part of the bulb which 
18 Immediately con neded with the tube, , when the thread o£ 
mercury dropped entirely into the bulb» It was now im^ 
merfed again for a (hort time, then taken out, and, the (hell o£ 
glafs beaten off, which expofcd a globe of folid naercury, nearly^ 
an inch in diameter. This bore feverar.very fmart-ftrokes with. 
a hammer before, it, began to. liquify, but. was. not.perfeftly, 
malleable.. 

In the.courfe.of thefe experiments, fcverar fragments of the. 
folid mercury were thrown into mercury in its ordinary, liquid 
ffate,. and, were, found tQ fink with, confiderable celerity. 

In , continuing^ my- refearches- refpefting the means oP pro- 
ducing artificial cold, I have found that phofphorated natrorv. 
produces rather more cold 'by folutionin the diluted nitrous 
acid than the vitriolated natron. 

At the- temperature of +50% four pat ts of the diluted ni- 
trous acid (prepared by mixing ftrong nitrous acid with half its^ 
weight' of water) ^ required eight parts of that neutral fait in* 
fine powder to be added, in order tocaufe the thermometer to* 
fink to —6'* y and again,, by. the addition of five parts of ni- 
trated ammonia in fine powder^ the thermometer, funk fo low* 
as — 1 6^, in the whole fixty^-fix degrees. 

A mixture of this kind made the thermometer fink frona 8o* ' 
((he temperature of. the materials before mixing) to o% . 

I/waSi 
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I v;:as.dired:ed to the trial of this iak^. by the like mmarkable 
fenfation of coldnefs^ without pungency, which, with its 
other fxmilar properties to ice, firft induced me, whilft.pur^ 
fuing the fubjeft of cold, to try the effect of diflblving the 
.vitrblated natron in the mineral acids. 

Equal quantities, by weight, of phofphorated natron and 
Titriolated natron, were evaporated feparately over a gentle fire, 
until each was reduced to a perfectly dry powder. I then 
weighed them„ and- fo^nd the refiduum* of the. phofphorated 
natron fomew.hat lighter .than that of the vitriolatcd natron ; 
from whence it is j^obable the former contains, the greatefl: 
quantity of water of fyyftallizaftion,. 

1 have found, that each of the neutral falts whiclv produce 
any reinarkable degree of cold: by folution in the mineral acids, 
viz. phofphorated natron^, vitriolated natron, and vitriolated 
magnefia^ lofe this property entirely,, when deprived by any 
means of their water of cryflallization*. 

A fhort tin^ after I had firft fucceeded in freezing water in 
ibmmer, by one mixture, compofed of three different falts iiv 
water (haying been induced to try the efFeft o£ fuch a method^ 
from the confideration that water, already faturatcd with one 
kind of faltv will difTolve a portion of another, and after that 
a third, or. even more), t met with the account of an experi^ 
ment made by M*. Hombbrg, related in one of the earlier 
Volumes of the Philofophical Tranfaftions,. in which it is faid 
he produced an extraordinary degree of cold^ by pouring a pint 
and a half of diftilled vinegar upon two pounds of a powder 
compofed of equal parts of crude fal. ammoniac and corroiive. 
fublimate, and (baking them well together. I immediately. 
(July 30, 1786), prepared a mixture of this kind in fmaller. 
quantity,; but found it produced only thirty-two degrees of 
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cold, the temperature of the air and materials beforo mixing 
being 63^; which is no more than 1 have found may be efftdled 
by a folution in water of crude fal amnioniac alone, pre- 
vioufly dried and powdered. 

By a trial made with great accuracy, I find, that even ths 
mixture compofed of diluted vitriolic acid and vitriolated na- 
tron is adequate to any ufeful purpofc that may be required in 
the hotteft country ; for, by adding eleven parts of the fait in 
fine powder to eight parts of the vitriolic acid diluted with 
an equal weight of water, the thermometer funk from 80*^, 
the mean temperature of the hotteft climate, and to which 
thefe materials were purpofely heated before mixing, to rather 
below lo"". 

Vitriolated natron, added to the marine acid undiluted, pro* 
duces very nearly as great a degree of cold as when mixed with 
the diluted nitrous acid* At the temperature of 50% two 
parts of the acid, require three parts of the^falt in fine pow- 
der, which will fink the thcrniometer too^^ and if three parts 
of a mixed powder, containing equal parts of murtated am- 
monia and nitrated kali^ be added afterwards, the cold of the 
mixture will be increafed a few degrees more. 

The frigorific mixture above defcpbed, compofed of phof- 
phorated natron and nitrated ammonia diflblved in the diluted 
nitrous acid, being the moft powerful', it will probably be 
found moft convenient for freezing mercury, when fnotv is 
not to be procured. The materials fi^r this purpofe may be 
previoufly cooled in mixtures made of marine acid with vitri- 
olated natron, muriated ammonia, and nitrated kali, in the 
proportions mentioned above, this being much cheaper than 
thofe made with diluted nitrous acid, and very nearly equal in 

In 
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In my lafl: Paper I mentioned a freezing mixture, made by 
diflblving a powder compofed of equal parts of muriated am* 
monia and nitrated kali in water, and therein direfted fix parts, 
of the mixed powder to*be added to eight parts of water ; but 
I have found fince, that the beft proportions are, five parts of 
the former to eight of the latter, by which I have funk the 
thermometer from 50'' to n "*. 
. Having now profecuted my fubjeft relative to mixtures for 
generating artificial cold without the ufe of ice, from a poffible 
method propofed by Dr. Watson (Effays, Vol. III. p. 139.), 
for freezing water in fummer in this climate, and carried it on 
ta a certain method of freezing, not only water, but even 
mercury^ ia the kotteft climate, I now intend to take my leave 
of it. 

I We th& honour ta be^^ 9k. 

RICHARD WALKER- 




I »" I 



XX, Catalogue of afecond Thoufand of new Nebula and Qu^ 
Jiers of Starsi with a few iniroduglory Remarks on the Con* 
JiruSlion of the Heavens^ By William Herfcholy L L. C 
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Read June ji^ lyZ^* 

BY the continuation of a review of the heavens with my 
twenty-feet refle&or, I ana now furnijihed with a fecond 
thoufand of new Nebulae. 

Thefe curious objedls, not only on account of their number, 
but alfo in confideration of their great confequence, as being 
no lefs than whole (idereal fyftems, we may hope, will in future 
engage the attention of Aftronomers. With a view to induce 
them to undertake the neceffary obfervations, I ofier them the 
following catalogue, which, like my former one, of which it 
id a continuation, contains a fhort defcription of each nebula or 
dufter of ftars, as well as its (ituation with refped to ibme 
known objefl. 

The forni of this work, it will be fecn, is exactly that of 
the former part, the claiies and numbers being continued, and 
the fame letters ufed to exprefs, .in the (horteft way, as many 
eflential features of the objefts as could poffibly be crowded into 
fo fmall a compafs as that to which I thought it expedient to 
iimlt myfelf 

The method I have taken of analyzing the heavens, if I may 
io exprefs myfelf, is perhaps the only one by which we can 
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arrive at a knowledge of their conftruftion* In the ppofecution 
of fo extenfive an undertaking, it may well be fuppofed that 
many things mufl: have been .fuggefted, by the great variety in 
the order, the fize, and the compreflion of the flars, as they 
j)refcnted themfelves to my ^view, which it will not be improper 
:to communicate. 

To begin our inveftigation according to fome .order, let us 

depart from the objefts immediately around us to the inoft 

xemote that our telefcopps, of the greateft power to penetrate 

into fpace^j can reach. We (hatl touch but (lightly on things 

:that have already been remarked. 

From the^earth, confidered as a planet, and the<mopn as its 
fatellite, we pafs through the region of the reft of the pla- 
cets, and their Satellites. The fimilarity between all thefib 
bodies is fufficiently ftriking to allow us to comprehend thena 
sunderone general definition^ of bodies not luminous in them* 
ielves, revolving round the fun. The great diminution of 
lightj when reflefted from fuch bodies, especially when thc^ 
are alfb at a great difiance from the light which illuminates 
them, precludes all poflibitity of following them a great way 
into (paoe« But if we did not know that light diminifh^s 
as the fquares of the diflances encreafe;, and that moreover iu 
every refle£tion a very coniiderable part is Intirely loft, the 
motion of comets, whereby the (pace through which they run is 
xxxeafured out to us, while on their return from the, fun we iee 
them gradually difappear as they advance towards their aphe- 
lia, would be fufficient to convince us that bodies fliiningonly 
with borrowed iight can never be feen at any very great 
(diftance. This confideration brings us back to the fun, as a 
refulgent fountain of light, whilft it eftablifhes at the fame 
time beyond a doubt that every ftar muft likewife be a fun^ 
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jthining hf its own native brightnefs. Here tlien iiVe tdme 
to the more capital parts of the great conftru£lioh. 

Theie funs, every one of which is probably of as much 
conlequence to a (yftem of planets^ fatellite^, andcoiiiets, is 
Our own fun, are how to be confidercd, in their turn, as the 
minute parts of a proportionally greater whole. I heed hot 
repeat that by my analyfis it appears^ that 'the heavfcn's cdnfift 
dF*regions where funs are gathered info fe'parate fyflems, and 
tliat the catalogue's I have given comprehend a lift of fuch 
'fyftems; but may we hot hope that our knowledge wlH not 
flop (hort at the bare enumeration of phaenomeha capable of 
giviiig us Cd much inftrudion ? Why (hould we be lefs ihg^ifi^ 
tiv*e than the natural phifofoplier, who fometimes, ^ eV'eh frohi 
an' ihconiiderabte number of' ipecimens of ^ plaht|' or' an 
'animal,, is enabled to prefeht^us with .the hiftory df its^nfe^ 
pfogfefsV. iind decay ? . Let us then , compare, together^, knd 
clafs fbme of thefe humerous Tidefeal groups, that We miy 
frace'the ppeVat'ions of natural' caufes as fair as we can pferceive 
"fheif ajgency. The ndoft iimpre form, in;. which wii^'ahvievw' 
a federcal fyftem, is tliafc of oemg gioburah ' This alfd, very 
'fevourably to 6\ur defigh, is that which, h^asprefehtfeditfelf 
ipdft freqijeiitly, and of w^ich t Have given the' grieateift 
collection. 

. But", ffrft of all, k will bc-^eceffiiry. to ekplai'n what is o\ir 
Idea of a cliiftcr of flars, and by what means we have obtained 
it. For ao indance, I fliall take the phsbnomenon which pre- 
sents itfelr in many cliifterr: it is that of a number of lucid 
ipots, of eqtial luftre, fcattered over a circular (pace, in fuch 
k msihher as to appear jgradnally more cbmpreffed towards the 
middle; and which coinpreflion, in the clufters to which I 
'aUudei is generally carried Co far, as, by imperceptible degrees, 

to 
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to end in a luminous center, of a refolvable blaze of light. To 
folve this appearance, it may be conjedured, that ftars of aiiy 
^rven, very unequal magnitudes, may eafily be fo arranged, in 
fcattered, much extended, irregular rows, as to produce the 
above defcribcd picture ; or, tl;iat ilars, fcattered about almoU: 
promifcuoufly within the fruftuip of a giyea cone, may be 
affigned of fuch properly diverfifijQd magnitudes as alfo to form 
the fanae pifture. But who, that is acquainted with the doc- 
trine of chances, can ferioufly maintain fuch improbable con^ 
jeftures ? To confider .this only in a very coarfe way, let u;; 
fuppofe a clufter to confift of 5000 ftars, and that each of 
them may be put into one of 5000 given places^ and have one 
of ^090 afiigned magnitncles. Then^ without extending our 
calculation any further, we have five and t>yenty millions qf 
chances, out of which only pne y^xW anfwef the above impro-** 
bable conjedure^ ^hilp all the reft ijre ggainft it. . Whejn \ve 
.now remark that this relates only to the given places within 
the fruftum of a fijppofed cone, whereas thcfe ftars mightr 
^ave been fcattered a|l over the vidble fpace of the heaven^^ 
that they mi^ht have been fcattered, even wit|iin the fuppoied 
(pone, in a million qf places dif^rent froni the afTumed otve^ 
jhc chance of this apparent clyfter's not being a real oqe, will 
be rendered fo highly improbable that it ought to be intirej;^ 
|-ejeded. 

Mr. Michell computes, with refpeft to the fix brjghteft ^ys 
pf the Pleiades only, that the odds are near spoooo to ^ thaf 
^o fi^ ftars, out of fhe number pf thofe vyhich arjc equal i^ 
fplqnd9ur to the fainteft of thena, jfcattcred at random in the 
whole heavens, would \^ ^ithin fafma)) a diftance ^pm each 
:5?f hgf. af Jte PAPJades are *, 

* Phil. Tranf. toLLVII, 5i!j^4. .^ 

K k a ^ Tak. 



21 6 Dr. Hersc hel*s Catalogue of afecond Thoufand 

Taking it then for granted that the ftars which appear to be* 
jgathered together in a group are in reality thus accumulatedi- 
1 proceed to prove alfo that they are nearly of an equal mag-- 
nitude. 

The cFufter itfelT, on account of thefmall angle it fiibtends 
to the eye, we niuft fuppofetO' be very far removed from us.- 
For, were the ftars which compofe it at the fame diftance from 
one another as Sirius is from the fun ; and fuppofing riie clufter 
to be feen under an angle of lo minutes, and to contain 50 
ftars in one of its diameters, we (hould have the mean diftance 
of fuch ftars twelve feconds ; and tfierofore the diftance of 
the clufter from us about feventeen thoufand times greater thaii' 
the diftance of Sirius. Now, iince the apparent magnitude of 
tHefe ftars is equal, and their diftance from us is alfo equal,— 
becaufe we may fafely n^ledt the diameter of the clufter, 
which, if the center be feventeen thoufand times the diftance 
of Sirius from us, will give us feventeen thoufand and twenty- 
five for the fartheft, and feventeen thoufand wanting twenty-five 
for the neareft ftar of the clufter ;— it follows that we muft 
either give, up the idea of a clufter, and recur to the above 
refuted fuppofition, or admit the equality of the ftars that 
compofe thefe chifters. It is to be reniiarked^that we do not 
mean intirely to exclude all variety of (ize y for the very great 
diftance, and the confequent fmallnefs of the component 
cFufterihg ftars, will not permit us tb be extremely precife in 
the eftiination of their magnitudes ; though we have certainly 
feen enough of them to know that they are contained within 
pretty narrow limits ;. and do noti perhaps, exceed each other 
in magnitude more than in fbme fuch proportion as one fulf- 
grown plant of a certain fpecies may exceed another full-grown 
plant of the fame fpecies; 
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If we have drawn proper coiidufions relating to the fixe of 
ftars, we may with ftill greater fafety fpeak of their relative 
fituations, and affirm that in the fame diftances from the center 
an equal fcattering rakes place. If this were- not the cafe, the* 
appearance of a clufter could not be uniformly engreafing in' 
brightnefs towards the middle, but would appear nebulous in* 
thofe parts which were more crowded with ftars; but, as far 
as we can diftinguifli, in the clufters of which we fpeak, every 
concentric circle maintains an equal degree of compreffion, as' 
long as the ft&rs ate vilible ; and when they become too crowded 
to be diftinguiftied, an equal brightnefs takfes pjace, at equal' 
diftances from the center, which is the aH)ft^ luminous pare 

The next ftep in my argument will be to (hew that thefe' 
clufters are of a globular form. This again we reft on the 
found doftrine of chances^ Here, by way of ftrength to our 
argument, we- may be allowed to take in^ all round nebulas, 
though the reaibqs^we have for believing that xhty conllft of ftars* 
have not as yet been entered into« For^ what I have to fajr 
concerning their fpherical figure wiUequally hold^>od whether 
they be groups of ftars or not. In my catalogues we have, L 
i\ippofe, not lefs than one thoufftnd of thefe round objedsi^ 
Now, whatever may be the (hape of a group of ftars, or of a 
Nebula^ which we wo^d introduce inftead of the ipheriral 
one, fuch as a cone, an elliplis, a fpfaeroid, a circle or a cylip« 
der. It will be evident that out o£ a thoufand fituations,. which 
the axes of fuch forms may have, there is but one that . cart 
anfwer the phasnomenen for- whioh we want to "account v and 
that is, when thofe axes are exadlly^ in a line drawn from the 
objea to the place of the obferver. Here again we have a 
million ef chances of which all but one are againft any other 
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hjrpotbcfia ?hau that which wc pjaintaiij, an4 which, for this 
^reafon, oi^ht to be admitted. . 

The laft thing to be inferred from the above related appear- 
ances is, thatthefc'clufters of ftarsare wore copdenfed to\vard? 
the center than at the furfiape. If thj?re lho\^ld be a groqp of 
ilars in a fphencal forrp, confifting of fuch as were equally 
icattered ov^r all the affigned fpace, it wouW not appear to be 
^ery gradually qfiore con^preffed and brighter in the iniddlej; 
snuch Jcfs wovild it feezn to have a bright pucjeus ii» the center, 
A fpherical clufter of an equal compreffipn within, — ^for thaj 
fuch there are will be fcen hcreafter,-r-.may be diftinguifhed by 
thedcgrees.of brightnefs which take place in going from thf 
center to the circiunfeience. ThuSj^ whpn.fi is the brightnefs 

in- the <6entert it wiU be \/a-*tt at any other idi(binp9;if itom 
the center. Oi^ flitting j:? it and x;sai)y diQcimal fra^ions 
theoy in a table, qf naitural 60M9 whero ^ is the fine, the 
beightnefs. at « will be exprefled by the so&Wf Now, as a 
gradual encrtfafe of brightnefs dois not agree with the d/sgtpsi 
calculated from a fuppofition of an equal fcattering, and as the 
clufter has heei) proved to be fphefi^al» it myft needs be ad- 
mitted that thete. is indeed a gceater apcumvlation towards tho 
center. And thuf, from the aboye-meptionisdappearaQCeSy we 
come to know that there atre ^obalar clufters of ftars nci^rly 
cqoal in fize^ whi^fh am fcatt^red 9¥?jaly at equal di^ance^ 
fram thp middle^, but with aaencm^iaig a^cuiaviatic^i t^v^afdf 
dieceoten 

We may now Tentufe to nu(e a ifiperftf u^vrQ i>P99 iHf 

arguments that have beefi drawn from ths 9p|^f5;j^sU9P^ Qf 

clufters of ftars and nobuls ef the form I hane ^e«Q ei^piiii^f^ 

which is thatiof wiuch i haye madfi mmimi^mmj ^^ fk^r^ 

7 •* cat 



^ cal View — Pormation of Nebula — Form /*.** II « to Tie re- 
marktd th^ when 1 wrote rhe paragraph I refer to, I delineated 
nature as wdl as I do rvow; but, as 1 thiere gave onlj a general 
iketch, without referring to particular cafc&, what ! then die- 
Overfed may have been looked upon as little better than hjrpo* 
thetical rcafoning,. whereas iii tbe prefent inftance this t)bje6- 
tron is intireljr removed, finfe a^ual ahd particular feflfs arc 
btought to vouch for the truth of e*fer^ ihferenee. 

Having Ihtti eftabliiAied that thfc ckrfterst)f AarsoiP the kft- 
!Porm, and* round n^bulse', are of a Ipbertcal figure, I think 
inyfelf plainly authorized to concfedb tliatihey are thus formed* 
by the aftion of tcfntral powers. 1*0' matiifeft the validity bf 
this ittfcrentey the figure 'ol^ th* isM^' nrtay bb giveh as in^ 
inftalice; Whofe ronindity^ fettihg afide finall deviations, the 
caofes tff which aHe well knciwn, te tvithotit hefitatioft aUoW6d'< 
to be a {ih^nonienoh d£ci(iV«ly cfhbliithhig^ centiipatal forcb* 
Nor do S/bt ftand Ih ne6d of tfafe irdvtolwng fatfclJitds «f Jirpitet,> 
Safiirri, arfd th6 Gdorgitiiri Sidus, to affiifo us that the ftnie- 
^wers are likewife lodged in the toaffes- of thtfc j^Ian^us. . 
Their globular fi^re done muft be adrfihrted as afufScieht 
Argument to rendfet this point uncimtit><rettible. We alf5^ 
apply this inference with equal propriety to the body of the 
fbn, as ^ell as to that of Mercury^ Vehiis, Mars, -And the 
Moon ; a^ owing their fphfcrical fliiapeto the fttne csiiffe. Ahdi 
how'crfh Weavoidlfiferrin'g, thftt the conftrtidioft-df thfe dufters^ 
of ftars, and nebulae likewife, of Which We hdve b<reh fpeak— 
ifig, is as evid^nily^ owing td central powers .^ 

Befides, the ftep that I here make in my ihfercncfcbihftO:- 
4 ♦iry caijr one, and fuch as ought fredy to-be granted. Ha*e- 
I not already Ihcwn that thefe duftert ttinndt ha*c coSie. to* 

♦ Phil, Trant wl. LXXV, p, ai4* 
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their prcfent formation by any random fcattering of ^ai£? 
The doftrine of chance, by expofing the very great odds 
.againfl fuch hypothefes, may be faid to demonftrate that the 
jftars arc thus aflembled by fome power or other » Then, what 
.do I attempt more than merely to lead the mind to the condi- 
tions under which this power is^ feen to ad ? 

In a cafe of fuch confequence I may be permitted to be a 
little more diffufe, and draw additional arguments from the 
internal conftruftion of fpherical clufters and nebulae If we 
find that there is not only a general form, which, as has been 
proved, is a fufficient manifeftation of a centnpetal force, 
what (hall we fay when the accumulated condenfation, which 
every where follows a dirediou towards a center, is even vifibie 
to the very eye ? Were we not already acquainted with attrac- 
tion, this gradual condenfation would point out a central 
.power, by the remarkable difpofition of the ftars tendiiig 
towards a center. In confequence of this yilible accumulation, 
whether it may be owing to attraction otUyi or whether other 
powers may aflift in the formation^ we ought not hefitate to 
.afcribethe effed to fuch as are central i no phaenomana h^Dg 
more decifive in that particular, than thofe of which I am 
ti^eating. 

I am fully aware of the coniequences I fhall draw upon 
jByfelf in but mentioning other powers that might contribute 
to the formation of clufters. A mere hint of this kind, it will 
be .exped.ed, ought not to be given without fufficient founda* 
^ tion ; but let it fuffice at prefent to remark that my arguments 
cannot be afiedlied by my terms : whether I am right to ufe the 
plural number,-^central powers,— or whether I ought oiHy to 
iay,— the known central force of gravity, — my concluiiohs will 
Jbe equally valid. I will however add, that the idea of other 
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central powers being concerned in the conflrudion of the fide* 
real heavens, is not one that has only lately occurred to me» 
Long ago I have entertained a certain theory of diverlified cen« 
tral powers of attradions and repaliions; an expofition of 
which 1 have even delivered in the years 1780, and 1781, to 
the Philofbphical Society then exiting at Bath, in feverat 
tnathetnatical papers vpon that fubjed. I ihall, however, fet 
aiide an explanation of this theory, which would not only 
exceed the intended limits of this paper, but is moreover not 
required for what r«B»aios at prefeut to be added^ and therefore 
may be given fome other time^ when I can enter more fully- 
into the fubjed of the interior conftmdion of (idereal fyftems. 

To return, then,, to tbeesie immediately under our prefent 
confideration, it will be fofficient that I have abundantly . 
proved that the fbrmfation cf round clufbers of ftars and nebula? 
is either owing to' central powers, or at leaft to one &ch force 
as refers to a center. 

I (hall now extend the weigjit of my argument^ by taking; 
in liftewiie every clufter of ftars or nebola tbiat fliews a gradual 
condenfatiott, or encreaifing brigbtnefs,. towards a center or 
certain pmit;. whether the outward flnpe of iiich olufters or 
nebtite be round, extended^ or of mf ofeher given form. 
What has been faidi wftb regard t& theduarine of ohance, will^ 
of courfe apply to evety. duflet^ and/ more efpecially to the- 
extended and irregular fliapedones, on accttmt of their greater 
fvze: It is among the& that wis find the largeft^aflemblages of 
ftars, and moft <fidbiwe nebulofities ;. and therefore the odds- 
againft fvch affemblagesf ba^iening without fome particular 
power to gather them, eocreafe eaxreedingly with the number 
of the flars that are taken together. But if the gradual accu- 
mulation either of ftars or encreafing brightnefs has before 
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been adaikted/»si..at dlreftioo to .the fcac of. power, the finno 
gtFeiSt •will . equally poiivt out the fame cauie ia the ca&at iiQvr 
^ ndar : cop Qdsration. There are befides fome additional clrcum^ 
ftaucea ia, thcr appearaace. of extcadcd cluftera.aiid nebutef 
tba; very much favour the idea , of a poW/er lodgeid iit^ the 
brighteft patt. Although, the form of thiem.bp jOQt gjiobular^' 
i]t is plaiuly.to befeeitthat there is a tend^^cc towards fphorifii^y, 
by the fNveld of the dimeafknis .the nearer we ,tdraw tc^ward^ 
the mofl: luminous places denottng.asr it were acpor^i^Qr ti^cf 
of.ilars^ fctting towards a center* And-*— if allegoral exprciTw 
qns.niay be allowed-^it ihould feem as 'if the dars thus flo^kjiog^ 
towards the feat of power were fteninied by the crowd of thofci 
a^l ready aflembled, and. that whilt; fome of them are fyccefsful 
in foTcrDg/cheh-.predeGefibrs tideways out of theij: places^ others 
are themfeLves^ebligod.bp take up with lftt;eral fitu^ic^)^ Wibile 
all (cf fbhem feem .equaHjf .to Hxivp 6>r.a plaqe iu the ceptr^t: 
fwelling, and generating fpherical 6gure. . , . 

rSifice ^diQU aJtxK)A all the aiebulas and clufters of iftars I have 
£:ent the.iiutnbor of .which is not lefs than three and^twenty h^n* 
dred, ^rc more oondenfedand brighter in tbemiddle; and (ince, 
from every form, it is now .equally apparent that the cel^tral 
accumulation or. brightnefs moAbethe reiiiltof central ppwers, 
we may venture to affirm that this theory is no longiei: a^ im-^ 
founded hypotbefisy but is fi)Uy efiajbliihed on grounds wl^ich 
cannot be qx?erturaed« 

Let us endeavour to make fome ufe of this importanjt view 
of the jConftru£fiing .cai:^e, which can thus model .fidereal 
fyftems. Perhaps, by placing before us the very e^t«niive ^i^nd 
varied colle£fcion of clufters, and nebulae furniflied by my cata* 
logues, we may be able to trace the progrefs of i(s Ojper^iion, . 
iu the great laboratory of the Univerfe* . , ,, 

if 



'If thfefe dirfttirs^and htebii!ae were trU of tfce fame (hapc, ^and 
had thfe fame gradual condetifation, \ire fhould make but Kttlt 
progreft hi this inquiry; but, as we, find (b great a variety in 
their tfpjieafances, we (hall be rhuth 'fboncr at a lofs how to 
account ifor fuch various phaenomena, than be in Want of fna- 
teriaH ta^oii which toexercife our inquiikive endeavours. 
' Some 'df thefe round cllifters cotifift of ftars of a certairi 
magrt^Cidfe* and given degree of compreffion, while tlie whole 
dufter itfelf takes u^ a fpace of perhnps 10 mintitdsr others- 
appear lo^ be made tip of ftars that are much- finaller, and 
ihwh rindre compfefled, v^hen at the fame time t4ic clufter 
itfelf f^btehdaa much fmaller angle-, fudh as 5 niinutes* This 
diciiinution df the appa'rferit* fire, aivd corfypreffiou of ftars, as 
well as dkmeteF of the chiftep'to 4, 3, . 2 'minutes, may very 
COnfifteiKJy ^bfe aferibed *6 thediffertfrft'dJftances:df fhefe cM- 
fters from tiiet place' in *Whlchwfe obferve therh^; m all which 
cafes- vteitiay admit, a general rfq^alky-bf? the fizes, and com*- 
prtffion of the ftars that compofe thetn', 'ri take pilace* It is 
alfo' highly 'probafWe- that a continuation; oP fuch decrdafing' 
magnitiidfesi ^ and enci^afin^ comprcffioiYj wilF jUflJy account 
fbr th^ a|ipcaraoce of rdund, eafily nwfelvable,^ hebblaer where 
there is almoft a certainty of their' bding cluft^fS of ftars. 
And no Aftl-oUdmer dm hefitiate to go .ftilr farther, and exten^d 
his ftrrmifcs by imperceptible ftepi^ to other nfefe^Iat, thkt ftill' 
preferve- the feme chara£!eriftics, with the- onlyt' variations of 
vaiiifhiBg brtghtnefs, and reduftion of fize. 

Othdr dufters there are that, when they cbme to be com* 
pared with fome of the former, ftem to contain ftars of an 
equal magnitude, while their compreflipn appeals to be confi* 
defably diiierent. Here the fuppdfitioii of their being at diF* 
fereut diftances will cither not explain the apparently greater 

L 1 2 com«* 



Very iiitfruSive feoaftqU<n0e* wh^tb i$, that the ftars ^rhioh 
are tHus/fvppoied' hoC^ ed bsr-mdre eocdprefied thaii thofeiki 
tfiV fbrnwr defter, but only td appear fooii aacouut 0f t&ffif 
jjrearct diftaiicie, maft ne^4fr be? ptdportVanallyv larger^ fiocc 
rtipy do hot appear 6if lefs roagttifude than thefowncn As 
tliarcforc, one or other of thefc hypothefei mtfft be truCf it is 
'.not all lrT\prt)bab1e but that, in (bme inftatiCtfs^ the fttfs may be 
anore comprefled,; and in others, of a gretter ittagtittude. 
Thk variety of fize. in different fpheriqal clu^rs^ I am Imw* 
^ever niicU^ied t{> believe; may not go fjirther than tbediirfmite 
in ike, found among the individuals belonging to : the fame 
fpecies'ijf plants, or animils, in their difl^renc ftatea c^'age, 
or vegetation^ after they areconaeto a ceitain degree of gnvfrth. 
A farther hiquiry into the oirttUnXilflttOeof the extent^ hpthx^f 
condenfatton <iiyA vari^y of fiKb, that 4b2y i;ake place imth the 
ilars of diffei^ene ciaitcfrdi ii^'^U poftp«ir idU odi^ 
baye b^en pre^oufly difcufifed. -- « t 

Let \x» thetl ecmtiafie to turn o«r view* tor tike power whkh 

Is moulding the' diflferetit «fibrtmeiiM of ftars into fpherical 

clufters. Any ifetiie» tlitf afiti nninterruptedly^i «niift produce 

efiefts ptopoftitHialr to the time of 4ts a6^ioii. Naw» ^isitjias 

been (h^Wn tfa«t the Iphtn^ical 6gttre of aclofter of ftars is 

<»wing fe cetitr!^' povirers^ it folidws that thofe dufters lUiich, 

4:eterJsparihSf txt the mod compleat in this figure^ muftduive 

been the iongisft eitpofed to the a6lioti of the£^ caofes; . Hhis 

^iil admit of various points of views. Suppofe for ^idflapce 

;that 5000 (hrs had been onoe in a. certain fcatterbd^ifeua^^ 

tton, and that bther 5000 equal Aars had hem in tfaeiame 

iitu^tion> tbelft that of the two^clufters-wbioh bail: bem laogeft 

.•cacpoied to the action of the modelling power^ w^it^^fc^ 

7 would 



dii^oi^tion fc)f its .€6jrnf<H»ent cp^U ^»4 >maJjKing*be 4^grce9 
^ hrtghtoefa in tit^Uifl» A^nd fer the difr«fjS^ciK:cu(n\%tiQa.Qf 
^Ihir%aaicli^er0i:.th»nl9a^ i^Qji^^nfiiios^ ei^tcnd equally, to 
Miherai alU. But iWtt^are not t^ cioiitjude £ram; wjiat ,h^8 .been 
fiid tJuti every fpheriod cJijiftap iapf; »» equal fl^ndiiigiare* 
|[axd ;to abl£>luce dunabaivr^fuice oi^that is cotnpofi^d pf a 
r tlioufftifed: i^ars Ottly^ jmuft-cartaialf arrive :<» the peife£li9n p£ 
its &nmi£ofH^ct thau .aootber, w)»ich <tai||c^a iQ,,a. range of a 
/milfiom Youth and age ar? comfwratjv^ expre^Hoi^j .and %ix 
, coak of a certaitx ^ge may^bftcalled very young,, wl^Up a co- 
. tcmjtocary ihrub i& alrea^;0O' thc: y^iS^ uf its decay^ ..The 
f ^mettled of judging i«^tti>: fqi^^ ^ffurftiH^ pi the coocStion of 
< ynf fiderBaLfyftefm fnay piefillaps not improperly bfe .drawn from 
the ftandard laid down page i^iS; ib jbh^^ for.lnj^ce^ a 
/. cl&iflettir iidbula ^hicb \9 yery gradually, mor^i/;ppipre0efl and 
! Jir^ht toiiF^arda th^ nuddk^ jn^jiy |[>e^ iQ^.thj^'perfe^n^of ita 
:: growth^ .wheft another wjbich, s^pdoj^chef tQ.fehe com^it i oa 
: pointed out by »• more eqoal e^JPpi^^fll^^nit fuch.as the oebqiae 
f; I hjiv6 called l?lanft0fy i«em to/|^e^t)t ;W lyXdh^wix^^ 
,' looked u(>on as very aged,, and drawing pa towarda a peiiod of 
c /.change, ordlfiblutbn. This has been befis>fi^ furaifed, when^^ 
£;<iiii a ixtmtx paper, I confidered the uncommon degree of com^ 
preflion that muft prevail in a nebula to give it a planetary 
. ^^k£t\ but the argument^ which is now dra^^a from the 
powers that have collected the formerly fcs^teced. ilars fo^tho 
£>rin wefind they have aifamedi muft grettlj earrobpratp that 

/'ip^tlmefitt.: .'^. •' •. , ' . — ^;.: •• ' .> .. 

^*; ' 'This 
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226 Dr. }^^^^Ch%t\<^hah^^^^^^ 

This method of viewing the heavens fecms to throw thepi 
into a n^w. kind of light. They^now. arcfeea to refembWa 
luxuriant' garden^ which contaiitt th« greateft varietj of pro- 
duOioiis, in different ilourifhing beds ; and one advantage w* 
may at lead reiip from it is, that We can, as it vrere, exteiid 
the range of our eixperience to an immenie duration* For, to 
continue the iimile I have borrowed from the v^etable king* 
dom, is it not almoft the fame thing, whether we live fbo-^ 
ccflivcly to witnefs the' germination, blooming, foliage, fecon*. 
dity, fading, withering, and corruption of a plant, • or 
whether a vaft number of fpecimens, felefted from every ftage 
through which the plant paiies in the courfe of its exifteiice^ 
be brought at once to oilr view ? ! 
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641 
642 

643 
644 
645 
646 

647 
648 
649 

650 

6C2 

653 

6S4 

655 
656 

657 

658 

659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
67^ 
672 

673 
674I 



1787 



Jan. 14 



Feb. 
March 



>7 
«3 

Z-2 



29 

i6(ift/>)Peri 
33 (•) Cancri 
21 (6) Crater 
— 65 Virgin 

44(*) 

*li39(r)Ce 
32 Leo. miot 



18 



»9 



April 



Start. 



6 Corns 



38 — 

o Canum 

10 — — 



i2(x)Coronc 
53 (2d ») Boot 



30(^)Hcrcu1 
TQL.Virginis 



— 9ScrpcDtis 



28(0^ 

2Q44Lyiu:i8 
13 Canum 
9|8 



«9 
ao 



M. S. 



13 ao 
16 3 

857. 
7 a 

12 7 

13 5 

43 8 
12 41 
22 49 
>6 31 
16 II 
a 41 

15 18 
o 37 
a SS 
4 33 

la ai 

33 4 
55 31 

54 ii 

16 19 



5 

o 

4 
7 

:i 

8 



42 

57 
ai 

56 

44 

59 

a 



47 39 
18 44 



58 
4a 

2 
58 

47 
5« 
H 
35 



27 SI 
33 20 
35 io 
37 5» 
43 59 
6636 

7» »4 



iD.M. 



Ob 



56 

3» 

I 

34 
9 
49 
36 
la 

II 
18 

36 

30 
u 

I 

2 

12 

27 

II 

13 

13 

5» 

57 



n|o II 
28 
16 

>7 

5* 

|o 23 

47 

rU ^ 
f o 20 

n 0.36 

n o 56 

»3 

a' 

30 
4* 
5.» 
4» 
37 

nk> 35 
n O 17 

n|o 27! 



D o 
i I 

{ 

a 
flo 



Q 

n 

n 

n 

n o 

n|o 

n 



Defpription* . 



cL. 

F. 

F. pL. R* vgbM^. 

F. cL. lbM« V d^»- 

F. S. bM. 

F. pS. iR. vgbM. 

F, vL. bM. 

F. cL. iR. IbM. timp inaccurate^. 

pE S. !£• fp nf. ^ See note. 

pB. cS. r. 

F. vS. r«^witb 300 the fame« 

F-vS^ 

pB. S. £. 

F. pL. gbM. n 

pB. S. R/mbM. among fcatter^d ft*. 

pB. Sr R* mbM. 

pB. L. iF« uneq. B. 3, or 4' dia. 

F. S. iF. 

pB. pL, IbM. 

F. S. E. nearly mcr. r. 

pB. E. BNM. and F. br. a'l. i b. . 

pB. pL. i£..er». 

E. rL.t* 

pB. vS; mbMu joft pu pcft. 

F. E. npffc.i'iU . 
F. £. men i^^* 

pB. E. npff. bM. i'|l. 

F. iF. bM. I 'I dia. between aBft*. 

pF. vS. mbM. 

F. S. R. juft np. V. 42. 

pB. pL. Rk mbM. 

pB. vS. ftellaF. juil p. Sft. 

F. S. RrbM.. 

pB. vS. fleliar. near and n« Sfl. 

pB. .m£. fp nf . near. mer. 5' 1. 1 b. 

pB. cS. £. with 300 ft. with burrs. 

pB. S. iR. mbM. 

pB. vS. ]£. bM. 

F. £• par. miniatuce of I. ijQu^ 

pB. pL. Vf^nhM,. 

pB.pL. 

pR pL. E. 

pF. pS. bM. 

F. pL. E. vibM. 

pB. E. nearly par. I'J 1. fb. 

6^5. 



11. 



Dr. Rkrschxl's Catabpu •fgfiemtfbonfani 



\1%^ 



675 

676 

677 

678 

679- 

680 

681 

682 

683 

684 

685 

686 
687 
688 
689 
690 
691 

692 ■ 

693 J 
694 

69s 
696 
697 
698 
699 
700 
70 J 

702 

703 
704 
705 

706 

707 

708 
709 
710 
711 
7ti 

7»3 
7>4 
7'5| 



April 920Canum 



II 



«S 



May i^ 

la 



79 (0 Virgin 
I Seipentii 



90 (^) Virgin 

iO«(ift») — 
19 (^) Bootis 



J585 



1788 
Jan. I 



} - 



Stan. 



22 (i^Hercu 



a4(^)«ootk 

t6*CCanu.6ni 

27 (y) Bootii 
25libKalii 

Sept.ii68(2df)Aqu 

*A Ceti 7m 
:t647Oiffi0p 
Nov. 325Cephei 

I («)Caffiop 

30119 ro-^ 



437Lyneii 
56UrfK 
27 (y) Booti* 



M. 54 



80 7 

98 IS 

99 9 
117 4* 

4 »7 

4 7 
«> 44 
16 35 

6 49 
6 6 

«.37 

« 37 

6 18 

3*> 37 
47 ao 

7 a 
1534 

19 36 

6 31 
» 7 

340 

a3 

10 o 

13 *9 

5 »S 
«7 43 

4*3 

4 47 
61 37 
%i 6 

6 «6 
^ 50 

3 So|f 
6 SI 

43 4* n 
4« 47 
41 48 
39 »3" 

39 5n 



|l>.li.J<»l 



4a 

39 
I 

I 
4 
7 
4 
f o 55 

o o 

f 

n o 4 

o 57 

7i 



f o 
f o 



f 

n o 

n o 46 
a 3 

f jo 12 

1 ao 

» 043 
f o u 

o 3 

o 39 

o 58 

o ad 
10 9 



b 40|i 

I 



I 

I 
4^ a 
35 



la 

15 
57 
5» 
50 

as 

ta 



a 9 



Dcferiptioi). 



1 F. v$. 

I pB. vS. fltllar. 
F. pS. IbM. 

1 F. S. r. in a row with 3 ft* 
f Two. The p. y. pS. iF. 
( The f. pB. pL. iF. bM. 

2 pB. pL. iF. 
pB. cS. IE. 

1 pB. pL. R. mbMk fl^ eft. 

f Two. The 2d pB. S. iE. for the 

I iftfMn.545, 

Fs pL. *. f. and par. with aFft. 

pB. S mbM. 

pB.%L. mE. aoTpaf. ' 

F. ibE. 15' fp nf. 1I>M. 4'1. 1 b. 

pB. pL. R. mbM. 

F. pL. iF. gbM. 
I pB. pL. E. nearly par. mbM. 
r Two. The p. F.pS R.TgbM.The 

I f. F. vS. Aellar. finbM. dift. a'i* 
I pF. pS. Ifi. MbM. 

pB.cL.iR. vgonbM. 

pB,8. E. 

F.E.p«r.bM. I'il. I' b. •See pote. 

F. S. R. vfmbM. 

P.pL.R.IbM.i'idia. 

pF. S. i£. 

pB. p&. £. fp of. t^mbM. 
~ pF. pL. £. op ff. bat n«»r. pur. 
mbM. i'|l. 

F.eUE. * Seeaote. 

F.pL.BriK.iipff.mbM. 

pB. S. ^er. almoft equally B. 

{pBM. soft. inveWed in nebnio* 
fity.a'l.i'ib. 
pB. tL. ^YgmbM. r. 5 or 6di4b 



pB. S. fiellar. 
pB.S.l£.mer.bM. 
F,S. 

pB.cL.iF. 
F.S.R.bM. 
pB. pL. 

fTwo. Bbth |A«. R« 2' 
,1 thcfiuBemw. 






'^^HtaD^liiiiiU^:€Hd'<^Mfiiht If Statu 



H7 



n. 



1788 



Stan, 



M. S.f ffi.MJO**! 



D'efcriptioii. 



Jan. 1 4 
I 



4^7 



{y) Bootis 
1 5 Leo. min. 

45 {-) Urfe 

Feb. 3 3« Lyncii 

'34(»*)Urf« 



13 Canum 



80 (a-) Gemi 
59(2«')Canc 
60 UriW 



716 
7»7 
718 

720 

721 

722 
723 

72s 
726 
727 
728 
7*9 
730 
73» 

m 
734 
735 
736 
737 
738 

739 
740 

74» 
742 • 

743 
744 
745 
746 
747 
748 
749 
75° 
7S« 
7Sa 
753 
754 
755 
756 

758 

Vox,, LZXIX. 



659 

20 lifacn 



— 63(x)Uri« 



3 Cannni 



A|ml 



i{Neb.II.728. 
Virgiait 
Urfc 



854" 



SO 60 



«7 

28 

29 

May I 



19 (a) Booth 

37 (0 

27 (^)Hercul 
27 (y) Bootii 

^3 («.) 

Neb. II. 757. 
12 (•) Draco 
Neb. 11.757. 



36 48 
O 58 

2 24 

20 34 

» 13 

» 57 

» 43 

73 o 
65 22 

61 59 

22 56 

13 »3 
25 2 

20 38 

5 27 



n 2 



o 54" 



o 47 

ao 28 
14 20 
«* 44 
»» 9 



I 

5 

3* 
16 
29 
25 
27 
22 
44 
»9 
38 
47 
32 

4 

H 

5 

o 19 



4 

2 
2 

5 

i7 
I 

S 



55 

30 
50 
♦8 

:7 
SO 
22 



n 
n 
f 
f 
f 
n 
a o 
n o 
D o 
f I 
f O 



21 50 
35 aa 

o 24 
31 58 
38 3 
47 57 
109 46 
16 12 
16 ^o 

a 50 
II 15 

44 59 

II 47 

16 38 

5*8 

N 



n 
f 
fb 
f o 
n o 



a 



21 

»8 

37 

3 

4 

56 

53 

35 
10 

27 

57 

43 

H 

16 

10 

I 

45 

24 
4a 
*7 
31 
7 
56 
3 



2 p^. L. iR: FN. mbM. 4 ot 5' dk. 

1 F.pL.iF.lbM. 

^ f pB. S. IE. t)xt np, corner of a %^ 

\ trapezina. 
1 F.pUiR.bM. 
1 F. vS. 
iiF. TS.fte!Iar. 
I F. vS.ftcUar. 
t pB.S.lE. 
I F.vS. 

I pB.E.fpnf.butneareriner.inbM.2'I 
I pF. pL. iR. IbM. r. f. 2 ft. par. 

1 pF.pL.iR. r. 

2 pB. pL. vgihbM. 

2 F. d.. IE. par. IbM. 

1 pB. bM. r. 4'1. 3'b, 

2 pB. S. E. fp nf. 

J r F. S. almoft. betw. afp. ft. chcv. 

I touches them, 
i' pB.m£.mer.pBSN.acTF.br.4'l.|'b. 
I F.pL.-iF.mbliC. ff. t tnaaglc of $.ft. 
I F. flellar. , \ 

1 pF. vS. IbM. r. • 

2 pF. pS. iR. ibM. 

I pB. pL. R. jabM. - 

I F.vS. 

I pF. pS. ftellar. 

1 pF. S< H. f^VL . 

2 F.S. E. i 

a- pF. S. tr. 

2 p^.pS.£.f.&rp.fi.amopg'ft.not'coa« 

I pB. 3. pBN. 

I pB. E. 15 orao» np (f. 3'!. 

1 pg. pL.E.fp.aodiBa'liaewith2ft.. 

2 pB. pL; iF. . ; - 
) pF. pL. E. fp nf. 

r Two.Thep.cF.cS.Tbef.pF.pL. 

t Both lEk.op f f. but nearer par. 
I pF. pS.vlE.mbM. 
I pB. pL. R. FN. 

1 pB. pL IE. 

2 pB. pL. iF. r. 

3 pB. S. iR. or IE. mbM. 



pF. pS. '&, 



759 
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11, 


1788 ^ 


Stars. 




Ni. S. 




D.M. 


?i> 


Defcription.;, ,- ; 'n 


759 


May 5Pfd3,IL757, 


'1 


6 6 


f 


4a 




pB. FNM. 8or lo'l. a'b. ..,. 


760 


\* ' ^ 


^^ *-l 


f 


6 ^9 


f 


« 37 




pF.ps. R. l'./'fM'rf:» 


761 


-^ 




f 


34 s 


f 


33 




pp. P"»- iP- .u^ 


762 


— 





f 


24 37 


i 


a 25 




pK. pL. K. • *^ 


763' as 


12 (1} Draco 


P 


>3 7 


n 


5+ 




^>B, mE, nearly men s'l. lb* 


'M, - 




f 


^^ ,ss 


n 


20 




pB, S. iR. on<; p. iuijpcacd vF.lE. 


i^s\ 




f 


'4 36 , 


f 


58: 




pf - <=s. 4^ j;:,^ 


766 - 




f 


IS 


n 


b 18 




py, cL, iE. r. 


767 1 June 6 


3,(,flT) 


P 


31 23 


n 


>S 




pB, pL- R- vgmbM. 


768 Nov. 4 


14 Camelop , 


[> 


+2 52 


n 


' 57 




fpB. S, iE. BN. juft L pB. ft. 



Third clafs. Very feint nebulae. 



ui. 

377 
378 
379 
380 
381 
38a 

3*3 

384 

38 

38' 

387 

388 

389 

390 

39 

392 

393 

394 

395 

396 

397 

398 

399 
400 

401 

402 

403 
404 

405 
40'} 



1785 



I April26 



} - 



27 



2^8 6 



May J 



bt;irs. 



92 Leonis 
I Comz 



93 Leonis 



5 Conia^ 



26 

I Urfa 



14 Canum 



AL S. 



3.' 6 

10 26 

8 56 

7 56 

158 

* 54 

3 10 

2 10 

I 48 

4 49 

8 56 

7 54 
7 5«> 
7 54 



3; 

*5 

2 



36 

12 
26 

19 23 

20 44 
25 14 



D..M. Ob 



24 

6 

t 7 

1 12 

o 49 



35 
27 
27 
II 

25 
47 
9 
»3 
15 



o 5 
t 33 
» 57 
2 38 
o 36 

K> 35 

o 7 

059 



Dcrcripiion. 



f Two. The n.F.S.lbM. Thef.vF. 
1 vS. did. 5''fp. the place of n. 
vF. vS. IE. er. or S. patch of &. 
F. S. 
vF.R. 

r Three. The place is of the laft 
I or moltn. which '^ vF, S. Tho 
t other two arc fp. eF. vS. 
^F. vS. r. 
rF. vS. r. 
vF. vS. r. 

vF. pL, iR. IbM, r. 7' iif. cBft. 
vF. vS. 
Sufpeded; 

Six ncbol«. The pftces belong, 
to the three firft wllieh are vF. * 
yS. The other three are \o 
or- 12' more fouth, but there 
wiM not time^ to take their 
places, more fufpe^ed. 
tE.vL.iR.-bMv6'l. 5'b. 
vF. vS. r. 
tF. pU IE. f . 
vP. vS. ftellar.. 2'i n, Sil. 
▼F. flcUar. with 300 the fame. 
Two. Both vF. c8. The place 
is that of the p. The 2d, 3'of. 
Two. BothvFfpS* The place is 
\ of the p. The .ad,. 5 or 6' nf. 
vF. yS. IE.. 

407. 



ni. 



407 
408 
409 
410 

411 
412 

413 

4«4 
41S 
41.6 

::? 

420 

4ai 
422 

4*3 
•424 

4*5 
426 

437 
428 

^29 

430 

43» 

432 

433 

434 

43 

43' 

43/- 

438 

439 

440 

441 

44* 
443 



445 
440 

447 
448 

449 
450 



1785 



May I 



— 5i(M)Booti$ 



49 O 
3 



26 
27 

28 



Stars. 



iiehlaandCluJIin f'Stan, 



n> 



49 (» BootU 
f4Caoum 



Aug. 3a|l 7 («} Pifcium 
Sept. 



19 ~ 
30 - 
41 Ceti 



1030 



— Neb. I. 100, 

41 Ceti 
67 



59(/)Pe8»fi 
32(2df)Pifc 

26 

2T)Aqua 
ao Ceti 

38 

— 43 



2893(5 



17 Eridani 

20 (r) Ocipn 
i(iftT)Erid 



M!. $. 



102 

102 

30 

35 

54 
54 
58 

65 

64 

62 
61 

54 
49 

86 

147 

101 

8 

o 

\t 

26 



40 
22 

38 

6 

30 
45 

4 



52 

4 

54 

26 



4^8 
48 
H 
3P 
AH- 
54 



o 22 

3S 

.39 

40 

4* 
20 

39 
22 

4» 



15 

»5 

18 

8 

I 

7 

9 
o 

.1 

5 

5 

17 

9 

5 

3 
10 

34 

4 
6 



23 

5« 

*3i 

37 

4 

^3 

45 

8 

30 



37 

39 

17 

I 

8 

«5 
53 
55 

57 

.57 

6 

f 42 
50 
40 



24 



D.M 



YM 



zi 

39 
42 
»9 
'9 
3S 
44 



22 

59 
4* 

20 

t 



fp »3 



N n 2 



29 
26 
»3 
25 
4« 
3 

IS 

S6J 



Deicriptton.' 



r Two. Both vF. vS, A ftar bi« 

I twecn them about half way, • 
vF. pL. R. IbM, 
VF. S, IE, «r. 
eF. rS. 
vF. yS. 
vF. 

vF. mE. 
eF. pL. ' ^ 

fToro. Both tFJ S. dift. 6 or 7'. 

\ The place M that of the iff* 
eF. ftdlar. 
vF. yS. i. cr, 
vF. $• 
vF. vS. 

fTw<>. Both cF. dollar, dift. 4 or 
^ 1 5'. nearly mer. The n. fAinteft. 
vF. ftdlar. or little larger. 
vF.vS.inthe field withIiI.407.408L 
eF. pL. iR. 
vF. S. IE. nearly mer. 
vF. S. iF. IbM* 
vF. pS. E. 
vF. vS. 

I The 2d of two. cF. S. 5 or .6 

1 dift» fronxL 100. 

cF. 

vF. vS- 

vF. cL. iF. IbM. 4 or 5M. 2 or 3' bi 

vF.vS.. 

vK. pL4 IbM, t 

eP. KS.ier. eonfirroe^by 246« 

eP.p. fcllar.p.i'i.)>Bft. 

vF. p. |e. r 

vF. VLtf requires gcett attention^ 

vF. vS. lE. 

vF. vS. iE. - 

vF. vS. eonfinned by:240. 

cF. vS. 

vF. pS. E. , 

irF. S. betweeh fome Sll. 

2 irF. cL. iR. near a hook of vSft* . 

3 rF. S. R. r. IbM. . . 
1 vF. pL. broadly £• lb>I. . . 
2tF.S.lE. , . 

4S« 



a^^ Dr. Hfi«sCH£L' 8 CdlMtgue tf. als€nd^houfand 



oeu 



8 



Stnrs. 



6 20 Eridani 
5a (») Aqua 
iO Ononis 
60 Ccti 
82 (J) -T^ 
a8(i»)Pifcmin 
78 (») Ccti 
49 Aquarii 
56(ift«')Ccti 



27 

' 7 



Dec. 5 



M* S« 



i8(0P»<^«Au 
82 (^) Ccti 
25 . -^— 

67 

46 (0 Pcgafi 

82 ~ 
iSCeti 
72 (0 

83 (•) 

91 Aqumi 

53 (x) Ce«> 

87 («) Pegafi 
23(2d6)Aric 

34(>*)- 
34(0 Andro 

36 - 

20 Leo. mio. 

262(i)Caa.miD 

9 (•) Virgin 

3i(iari) 



30 46-Ceti> 

76 (<r) 

i— ISO Eridani 
9 Hjrdne 
53 Virginis 



a 30 
30 46 

5 ' 

27 »8 

4 " 
13 6 

20 29 

2 Sa 



O.M. 



44 
55 



3» 



45 Eridani 
13 («) Virgin 

•5('')*- 
^9{y) — 



90 20 
8 I 

12 56 
20 II 
II ai 

S 54 
" »5 
a? »3 
19 27 

I 53 

13 54 
41 48 

44 53 
7 ^9 

1 44 

11 14 

2 25 

I 30 

a6 18 

12 46 

17 49 
15 22 

12 49 

11 8 

40 9 

12 32 

3'5» 
J8 13 

18 36 



P 

f 

f 
f 
P 
P 
P 
P 
P 
P 

P 

t 

P 

P 

P 

f 

P 
i\ 



II 41 

16 10 
7 o 
6 35 

l!A4 



Qk 



n 
nk> 



o 59 

39 

4 
27 

2 
28 
20 

6 

17 
16 

56 
36 
*3 
59 
54 
15 
12 

43 

30 

7 



n o 4c 



o 18 



26 
nlo so 

f o 44 
f o 23 

Q 

n 



f 

a 
n 
n 
o 
f 
f 
n 
f 
f 



47 

25 

5 

44 
39 
24 
34 
4 

5* 
»4 
26 

47 



Q 42 

o 35 

15 

1 12 

048 



. Dvfcription. 



vF. S. R. 

vF. pL. R. r. 

vF. vS. cM^med 240. 

eF. pL. 340. left doubtful. 

vF. vL. IbM. er. 6 or 7' dia. 

vF. pS. »F. 

vF. cL. vibM. m. p. M. and joining. 

vF. S. er. time inaccurate. 

vF. vS. er. . 

»F. vS. 

vF. cL. IE. glbM.4ors'U 

vF. S. 

vF. pL. iR. r. 

eF. S. found in gaging. 

eF. S. iF. 240 the feme. 

vF. Sv R. IbM. 

eF. vS. 240 left fome doubt. 

tF. £. nearly mer. IbM. i'| 1. 1'b. 

tF. fieUar. 240 left fome doubt. 

eF. vS. 240 kft doubtful. 

A few Sft. mixed with nebulofity. 

vF. pL. vlbM. near fcattered ft. 

eF. cL. iboie doubt, p. a row of fl. 

eF. vS. iR. confir. 240. 

vF. 3. confir. 24O. 

vF. vS. fienar. fp. pBft. 

vF. S. R. juft p. vFft. 

eF. S. left doubtful. 

fufpe^ed. «F. vS. IE. 

vF. L. isen by looking at II. 137* 

vF. 

cF. 

vF. 

vF. 

vF. S. iF. t. 

vF. v3. iF. better with 240. 

vF. S. E. 

vF. cL. grlbM. 3' I. 2' b. p. pBiU 

rF. S. IbM. 



vF, tS. IE. better with 240. 
vF. S. R. bM. 
tF. cL. m£. r« 
eF. S. iF. 
vF. pS. £. 
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Mr. «• 
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KM 



I>eftri|>tlM. 



i . I 
eF^S. iF.'n* » '* • 1 ^ 
e*» vS» pffiE* j ,' •* 

cF. S. R, ?lhM«l ' i : * 

WFl mE. ' ' • \ i ; . 

vF, S. E. cr. -^ ; 

cF. S. iF. bM. 
vF;vS. 

vF. S^ J .•' 

vF. pL. fp. 2pBft. equil. tifafif, 
vF.pS. 
vF. tS. R. 
vF. E. 2M. 
rF. tS. er« 240 rattier oonfirv 
vF. cL. iE. nearly mcr. 
vF. vS. 

eF. £. er. probably a patch, of ft. 
vF.R.precedefiI . 1 28. 7^1 .and ii 5'ii 
vF. S. R. mbM. 24.0 ditto, 
cF. tS. ftcUar. ^40 vcrif. 
eF. S. m£. 
vF. S. E. 
vF. S. 
vF. S. 

vF. S. R. in the field with X 
vP. pL.¥gvlbM« betw. 2 groupa 
of ft. np. ff; 
vF. S. E. 

cF. ps. ie; ' 

cF. pL. iR. lb. near M. 
vP. E. fpnf.4M. 3'b. 
cP. mE. r^ 4' 1. i' b. 
vV. vS. 

eF. eS. feme little doubt* 
rP. S. tRwVgbM. 
v^F, S. £• nearly mer. 
cF. S. 
F. ftellar. 
cF. ftellar. vlbM. 
vF. IE. vlb. about M, 
vF. S. iF. time a little inaoc, \ 
vF. pL. of uneq. ligbl* 
vF. pS. iF. ^ . ' 

cF. ftellar. / 

vF. t9. iF, 
aJcF, 8. er. 1 

539 



495 
496 

497 
498 
499 

500 

501 
502 

504 

505 

506 

507 
508 

509 
5^0 
5" 
5'* 
513 
514 
515 
5^6 

518 

519 

520 

5«« 
522 

55^3 

524 

527 
528 

529 

53' 

S3* 
533 
534 
535 
53<> 
537 
538 



Jan. 2 
2 

30 
Feb. 1 



61 Urf« 



736 



Sextantii 
58 {d)LeatA% 
39 (A) Erida 
69 (x) — 

57 W 



2 60 (f) Virg 

-64 — 



22 



March ^ 



8a — 
19 Librx 

5 (P) Virgin 
55 Orionis 
1 10 Virginia 
I f (j5) Cancri 

6 {h) Leonii 
26 (x) Virgin 



»94 
24 

25 



27 



I (x) Hydras 
1 Sextaotif 

27 Hydrae 

14(1) Crater 
l(?) Virgin 

49(?) 

' 8 Sextantis 

16 («) Crater 




58 O 

70 52 

6 47 

9 43 
6 26 

3 50 

6 2 

14 49 
38 27 
16 I 
32 47 
9 aj 
18 52 

49 54 
I »3 
5 



fo 46 
f o 3 
n t 20 



12 19 
14' 18 

'4 43 

38 

1 47 

3 9 

22.39 

34 I 
'3 23 
»S »4 



14 
«3 



'o 33 
9 10 



>3 
3 

2 
I 



o 

32 
47 
7 



28 31 

33 5« 

40 50 

36 17 

34 23 
31 «4 



n 

f 



a 

b|i 25 
f «4 
n D 50 

39 
I 

341 

39 

7 

4 
27 

35 

7 
25 

9 

2 

26 
41 
48I 



P 7 

5» 

45 

2 

38 

59 

«4 

8 

3» 

32 
46 

SO 

32 

5' 

59 
48 

58 
33 



j^4a Dr, ^n9eBt^^%Cai4kglK if '»Jkmi'Vtbfiufand 



in. 



539 
54° 
54» 

542 
543 

544 
54 

54' 

^48 
,549 
550 
55 » 
55* 
553 
554 
;55| 
556 

558 

559 
560 

562 

564 

565 
566 

568 
569 
570 
571 
57» 
573 
574 
575 
57^ 

578 

579 
580 

583 
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Mar. 2; 



April 17 



68 (.) Virgin 

19 Ucfc 

ftLeo.tnin. 

21 ' 

1 1 (/) Virgin 



I 2964 



3043 



I May 



3 

27 

June 22 

Sept. 4 

1" 



885 
2097 



) 



oa. 17 



18 



a6 



Smh: 



43(») 

84(.) 

109 — — 

31 Bootis 

50 (^) Serpen 

3 

10 1 Hercul 

7i(i)Fifciuin 

" - Cell 
, ^, Aquarii 
• 54 Eridani 
Androm 



!!JI 



17 l^idsutt 
26 {») Perfci 



!l 



Androm 

» — 

(•) Perfei 
(1) Aodro 
Perfci 



12 

T-5 

2417 

—30 

25 40 Arif tis 



10(0.) Triap^ 



5 57 
>5 a? 

9 4» 
7 55 

37 39 
43 " 
6x 44 

36 17 



23 9 

12 7 

21 20 

2 55 

22 10 

6 18 

14 

6 



M; 8. 



3» 
I 

32 



52 



I 

»4 
17 3a 



15 as 

5 4 

2 29 

8 17 

9 »3 
43 39 
42 9 

32 26 

»3 6 

?4 27 

»8.5S 

2 50 

3 21 
20 43 

8 24 

» »7 
18 21 



ID.M. 



lOU 



21 
.3 



I 
I 

CO 

1 31 
I 23 

» 9 

1 4 



30 
13 
35 

4a 

15 
19 
28 

24 
52 

33 

59 
32 
34 



I 48 



H 
12 

>7 
27 

5» 

44 

II 



o 27 

47 
8 

16 

3 

3 
18 



Defcription; 



i 



1 vF. tS. 

2 [vF. S. E. ao^'np f f. containt avFft* 

3 cF. S. iR. gbM. r, i'\ dia. 
cF. vL. iF. 5' 1.4' b. fp. a double ft. 
©F, pL. 

vF.vS. 
cF. cS. cr. 

r Two. Both vF. vS. r. the place 
I betw. them. fpnf. but ncar.mer. 
vF. cS. with 240 !£• near vSft. 
eF. vS, ((ellar. confir. 240. 
vF. S. p'. and in a line with iBft- 
rTwo. BothcF. vS. The place 
\ 18 that of the f. dift. 3 or Af 
cF. iF, r. 5^1. 3'b. 
vF. S. E. np f f. but nearly aier« 
cF. S. IE. iF. r. 
vF. roE. 7S''fpnf. I'^U 
vF. vS. IE. r. 240 the (ame. 
eF. cL. iR. S ^^ 6' dia. 
3vSft. in a tide with tF* iiebulQfil|» 
vF. S. E. among ft. 
vF. ftellar. 

Four* ftellar. unequal^ Three ia 
. a row, and the fourth making a 
I a redangle with them. That at 
L the angle is much larger. 
rF. pL. iR. 
vF. S. IE. 

eF. S. iF. among 3 or 4 ft. 
eF. IE. er. 
1 bF. vS. IE. 
I [eF. ftellar. not verified. 

Two. Both vF. vS. er. dift. 4^ 

the place between them. 
Two. Both vF. ftellar. vlbM. bat 
[ the f. 18 the brighteft and largcit* 
f F. S. iR. ftellar. 
vF. pL. IE. IbM. 
vF. vS. 

vF. vS. juft f. pBft. 
fufpe^ked. r. fome ft. Ttiible. 
vF. E. iF. time inaccurate. 
I vF. S. iF. 

I vF, vS. E, or 3Fft. with vF. Ncbul. 
' 584 
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584 
58s 

586 

587 
588 

589 
590 

59» 

592 

593. 

594 

595 

596 

597 

59J> 

599 
600. 

601 

602 

603 

604 

605 

606 

607 

608 

609 

610 

6ir 

613 

613 

614 

616 

618 

619 

620 

621 

622 . 

623 

624 

62s 

626 



oa. 26 

Nov, 



35 Arietis 
y)£ridani 



2648( 



28 



42 (« - 



Dec. 14 



8 Leporis 
I3(^)£ridani 

2olNeb«n. 447 

26 Ceti 



21 
a4 



29 

44 Hydra 



1787 
Jan. IX 



3OS9(0L€onJi 



55())Gemioi 
(«) Lconi8 



1430 



29Coiiue 



>7 



X 
22 



March II 
17 



18 



Suri« 



58 Androm 
Feb. xo9{ift^)Ca»c 
i3io(ad^)- 

•33 W — 

1^9 (0 — 
21(0) Crater 

- 65 Virginis 



87 (/}Leoois 
— 44(^ivirgiq 



38 Leo. mih. 
6 CaDum 

12 
^7 



i2(x)CoroQs 



10 («) Urfe 



M. 8. 



O 41 
3 33 
3 6 



34 
35 



10 x6 
9 18^ 



35 
6 



o 
18 21 
28 42 
34 ai 

59 13 

2 40 

68 4 

11 47 

I* 4 

12 7 

6 16 

a 45 

3 15 
II 31 
»a 33 

2 28 

33 51 
3a 29 

23 23 

1 42 

57 

1 27 

3440 
27 

3 

II 29 

26 36 
38 29 

7 17 

24 7 

27 24 

2 41 
7 H 



eD.M.|Ofa| 



n 

f 
f 
f 
f 

f 

f 
n 
n 

f 

f 
f 
o 
n 

D 

f 
n 
f 
n 
o 
fl 
f 
n 
f 
o 
f 
f 
i 
f 
f 
n 
f 
f 
f 
f 
f 
f 
f Q 



10 50 

X 2 

o 56 



9 

57 

22 

6 

6 

2 

5 

23 
^7 
50 
44 
i^ 

12 

20 



io 

I 

I 


o 
o 



o 

z 


2 

I 

o 
o 
p 
o 
o 
o 
o 

X 

o 
o 
o 
o 
a 
o 
o 
o 
o 
I 
t 
I 
o 
o 



o 
o 

Q 



I 



II 

21 

46I 
X 

38 

3 

12 

50 

57 

8 

49 
27 

X 

»3 

31 

2 

H 
46 

37 

^9 

9 

27 

4 



Deferiptbn. 



»F. S. bM. 

fufpeaed ; 4iaiy wetfther. 
eP. S. £• Dcaflf par. another 
fufpec. 3' {f. ^liar, 
irF. S. bM. betw. 2 ft. 
?F. S. ^ 

vF. cL. i£. netrlj per. bM. 
bF. ftcllar. a little doubtful. 
eF. ftellar. about if nf. II. 286* 

{Two. The p. vF. vS. The next 
cF. eS. and left doubtful. 
?F. mE. bM. 3'i 1. I'i b. 
vF. S. fome^flvn it. 
vF. S. lbM« f f.a trapezium of S. ft. 
rF. S. IL vglbM. 
eF. S. IE. not verified^ 



cF. pL. r. 

vF. S, iR. 

vF. cS. lE..ef. 

vF. cL. vgbM. f. eBft. 

vF. E. npff.241. 

vF. ftellar. confir. 240* 

vF. S.iF. 

^F. S. ftcUar.. 

vF. vS. 

eF. S. R. ilbM. 

vF. vS, R..with 240 gblL 

eF. pL. £« 

tF, S. no tioie-to verify. 

vF. cS. E. 

frF. E. er; 

oF. 8. iR. • 

cF. a er. 

fF. cL. iF..4' dia-i' C ft. 6 

eF. pL. iR. i' dia. or inor«. 

eF. vS. 

7F. S. £. nearly mer. 

cF. E. nearly par. r. |^1. 

vF. S. iR. conf. 300. 

vF. S. R» difooT. in ga^gw 

vF. vS. n. 2 ft< 300 confir. 

vF. S. bM. difcoT. with 394^ 

?F. vS. 300. 

vF.Si.iF. lhM.c; . 



1'^ 



m* 



€%t 



244 ^f, HnwoHEt'i C^«%a» ^ ^femi'lth^faHd 
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627 
628 
6ft9 
630 

631 
632 

633 

634 

635 

636 
637 
638 
639 
640 
641 
642 

643 
644 
645 

646 

647 
648 

649 
650 

6S« 

652 

653 
6S4 

6SS 
656 

657 
658 

659 
660 
661 
662 
«63 
664 
66s 
666 
667 
668 
669 
670 
671 



March 18 



} - 



} - 



■34WiI*fe 

— 47. 

— 20 Canum 
-54{$)Bootii 



19 70 VAoptM 



Apfil 9 



'li< 



•15 



May. 



43 Lynci* 



30(j)Hercul 



P 
P 

P 

f 

V 
f 

P 

f 

P 

P 

P 
f 

f 

f 

f 
5 (•) Booti* f 

30 (^ ^ p 

■28(|8).Serpen f 
2d44LyiicM p 
15 Caaum . p 
f 
f 
f 
f 
f 

P 
P 

f 



»9 



ae 






«9(»')>'^w8w 



90 (p) ^ 
I02(lft») — 



7|6« • m^ 



M. S. 



tj 50 
16 48 

15 H 



39 

8 

S8 
24 



6 42 

3 33 

S3 

54 

iO 

37 
43 
as 41 
10 16 

»i IS 

33 «« 
36 41 
12 ft9 
f9 54 

29. *7 
62 59 

• it 
IS Hi 

83 33 
117 16 
it^ 18 
125 



I 



H 
48 

t8 

S3 
29 

4a 
45 
38 



(I>.M.j9«> 



2 
9 
8 

S5 

32 
«3 
36 

b 46 



5 

59 

24 

5 

16 

a6 

S 
44 

«> 
44 
16 
46 
•0 
ii 
II 

17 

34 
S> 
57 
»5 

57 
18 
16 
44 
S4 
55 
»4 
23 
55 

II 

2(8 



Defcrlpeioii,^ 



a vF, *S. ftcllar. 300. 

J cF. cS, 

i| [Two. BothJvF. yS. dift, jf. 

I nearly mcr, 300* 
a vF. S. R. 300. 
'a cF. vS. IE, mcr, gmbM. 
" vF. S. IbM. 

vF. vS. coaf. 300 fp. a vBft. 
f Two. The nf. vF. vS, vcnf.300. 

I The fp.djfcanr.wich 300 cF.S.iF. 

>rF.eS.300.ihewedavSil.wuh nebu. 

vF. vS, 

cF. cS. 

vF. vS. 

vF^vS, 

• vF. Bl jF. time !•• hiaconrate. 

vF.B.iE.juftff.ft. 

vF.vS. E. copfir,300. 

cF. vS* IbM. bctw.a^Fft. 30C|» 

irF.S.IE. 

vF. vSt veHf.jOOi 

vP,E.l>arri'f. ■ ^ 

VF.S.IE. • 

ct. vS. 

irF. S. 

eF. vS, 

vf. pS, E. men 300, 

vF.vS. IhM. 

vF.pS.lbM.*forgdt,butii c,6,or7^ 
vF.vS.lbM. 
f Two. Both vF.vS,E.in differ.dU 

I reaiont.4dr3'dift.par.cachCSiU 
^F.vS.r. . 
cF. cS. 
cF. S. 
vF.pL. 
vF,S. iF. 
vF.S. 

cF.cL.R.vlbM.r. c'dia* 

cF. vS. 

cF. vS. vcrif . 300. 2d obf. vF. S. 

cF. S. r. 

vF. 

vF. . 

cF. 8. lU Ip aad joiobg aSA. 

67« 
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Stars, 




M. S. 




D.M. 


Ob 


Dcfcription. 


672 


May 12 


19 (^) Bootis 


p 


4858 


n 


41 


3 


cF. rS. ftcllar. 300* 


673 


— 




p 


38 30 


n 


2 21 


I 


cF. S. R. or IE. 


674 


— 




P 


S 5* 


n 


2 31 


I 


cF. cS, iR. 


675 


— 


38(2d*) — 


P 


II 18 


a 


35 


I 


vF. pS. iF. ^. 2 S. unequal ft* 


676 


»5 


24(1) 


P 


16 34 


n 


035 


2 


cF. cS. IE nearly par. 


677 






P 


2 56 


f 


« IS 


1 


v¥. pS. IE. 


678 
679 


— 


♦ABootUym 


f 


48 


n 


3 
1 


E 


r Two. The p. tF. vS, The f. 

L cF. cS. * Sec not*. 


680 


_— 


42 Herculis 


P 


13 17 





I 


2 


vF. S. R. IbM. er. near fome St 


681 


16 


*CCan»6iD. 


f 


44 


f 


15 


I 


cF. vS. IE. ♦ Sec note. 


682 


— 





f 


7 35 


f 


7: 


I 


cF. cS. E. fp. Sft. 


683 







f 


" 35 


f 


25 


t 


cF. pL. iF. 


684 







f 


«3 49 

1948 


n 


34 


t 


vF. vS. R. 


68s 


•— 


27 (y) Bootis 


P 


n 


I 6 


2 


«rF. cS. R. fbM. 


686 


•» 




f 


8 42 


D 


18 


r 


cF. cS. IbM. 


687 


— 


'' 


f 


13 27 


D 


23I1 


cF. pS. another fufpec. 2'n. 300* 


688 


— 


i6(T)Corona 


f 


7 34 


f 


4« I 


vF. cS. iR. 


689 


— 


67 (v)Hercu 


P 


20 32 


f 


11 I 


cF. cL. iE. nearly par. 


690 


'9 


10 Libr« 


P 


4 6 


f 


43 




vF. cS. IF. IbM. 


691 






f 


6 SI 


f 


59 




cF. fmbM. ftellar. 


692 


Aug. 1 2 


33(»)Aquani 


p 


S 23 


n 


38 




cF.E. npff,2'l. I'b. 


693 


Sept, 1 1 


41 


P 


11 30 


n 


36 




eF. vS, 360 confirmed it. 


694 


oa. 11 


50(/)Caffio 


f 


90 22 


n 


30 




?F. vS. iR. bM. 


69s 


Nor. 3 


10 Camelop 


P 


15s 


D 


S3 




eF. pL. iF. 


696 


5 


i7({jCcpbci 


P 


i6 35 


f 


047 


2 


vF. S. R. IbM. r. I'dlt. 




1788 














697 


Jan. 14 


67UrfaB 


f 


n 9 


n 


040 3 


^F.E.npff.5M. I'b. • 


698 




27 (r) Bootis 


P 


39 53 
38 20 


n 


I aq!2 


vF. S. 


699 


— 




p 


n 


% 8 


2 


vF. S. iF. 


700 


Feb. 3 


4SWUrfc 


P 


HS3 


f 


»-33' 


I 


cF. L.iE. mb. £M.4'1.2'ib. 


701 


— 




P 


6 6 


f 


I 


I 


vV. vS. iF. 


702 


— 


13 Canum 


P 


42 13 


f 


55 


I 


vF. vSw 


703 


5 


7i(0GcmiD. 


P 


10 3 


f 


46 


1 


vF. vS. perhapi apatch of ft. 


704 




6oUrfx 


P 


81 II 


f 


22 


r 


eF. v$. perhapi a patch of Sft. 


70s 


— 




P 


39 57 


f 


43 


I 


vF. 


706 


— 




p 


23 49 


n 


38 


2 


vF. vS. IE. f. cBft. 


707 


— 


63(x) 


f 


It 2 


n 


34 


2 


v¥. vS. another fufp. f f. eF. eS. 


708 


6 


59 


f 


30 »4 


f 


31 


1 


yF. vS. in a line with 2 ft. of fp. 


709 


March 9 


21 Lyncis 


f 


34 SO 


n 


I 41 


I 


VF. R. vgbM. 2'f dU. 


710 


— 


9 (0 Urfa 


P 


45 5« 


n' 


49 


1 1 


vF. iF. 2'il. I'ib. 


711 


— 




P 


41 10 


n 


I 49 


I 


cF. E.fpnf. 3'fl. 2'|b. 


712 


— 




P 


4 49 


n 


I 6 
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717 
718 

720 
721 
722 

724 

7*5 
'Jib 
727 
728 
729 

730 
73» 
73a 
733 
734 
735 
736 
7^7 
738 

739 
740 

74» 

74» 
743 
744 
745 
746 

747 



Marcb 9 



63 U) Urf- 
5 Canum 



April 



II 

I 

8 

10 

12 



49 C^) Virgin 
Neb. IL 728, 
61 Virginjs 
6oUrfx 



35((r)Hcrcal 

UK? •' 
i^ (x) Bootii 
27 (^)Hcrcnl 
27 (y) Bootis 
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a8 
29 



30 
May 1 

June 2 



July 8 

30 
Aug. 2 

Nor. 



22(T)Hercul f 
2l(iftr)Libr|' 
23(6)BQotit 
12 (1) Draco 
J4(,) 

IS (A) 

3l(Tfl») 

•BDraco7n), 
19 Aqailx 

5? . 

i27(>)Cepbei 



• — 3(JCart«lop. 

« 1 

fieci 3*22CainHev 
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1 
6 

47 
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43 
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18 

o 

I 

39 40 
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20 46 

119 28 

4 6 

IS 47 

IS 33 
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Sa 

30 17 

2 

49 5 

»7 

3» 39 

10 14 
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n 
n 

D 

n 
f 

n>|i 
f 



26 
37 
51 

31 

21 
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2 

23 
14 
34 
14 
54 
3 
2 
16 
22 

4 
8 

2 

% 

■44 

'57 
21 

5 

27 
a6 

29 

o 8 



vF. vS. 
I cF. luE. nearly mcr. 5' U 



vF. vS. 

f Tw«. Both VF. vS. dift. i' iB. 
I the fame meridiei), 
vF. 3. 
eF-S. 
cF. vS. 
cF. vS. iF. 

cF. cL. iR; IbM. 3' diJU 
vF. pS. R. 
cF. S. £. par« 
vF. cS. iR» 
vF. S. 
cF. vS. E. 
vF. vS. 
VF. yS. IE.: 
vF. vS. 
cF. pS. 

eF* pS, with 30atf • 
vF. pL. E. iner, IbM. jQOdi. 
vF. vS. ftcllar. 
vF. vS. 

vF. R: vgbM: cr. 3'tHa, 
cF. pL. lE. 

eP. fiellar. with 3doJE. pan 
vF. fldtar^ vcrif. 300. • See oote«. 
cP. iR,r. 3or4'dU. 
vF. pL. R. vgmbM. . 
vF. pL. iF. er^ 
vF. S. R.1[bM.. 
cF. pL. iF. vAMi en ibtte ft. . 
vifible. * See note. 
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Fourth dais. • Plamtaiy nebulae. 

Stan with bar«, with milky 'cherehire, with ihort .rays, remarkable ihap^,, Sec. 
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S|50.Aqq«rii 
56a<>)£ridaai 



-<-49(i)0(ioB p 



ftCX 



648 

7 55 

o 35 

a 33 



D.M.o«» 



55 

a 37 

O SI 



Defcription. 



Two Sl.A)A. 3' conncdMl with*: 
tF. nanow aebulofity. 
F. S. fiellar. with pL. char. 
vB« vS. nbM. like a it. nftded 
wi^h icregular burs. 
4 A ft. with m. char, or vflN. Nvitb- 
IB. aebulo&ty. . 

6- 34 



tif new J^M^ *m^ C/ii/ffirf ^ Statu 



^tt 



«v. 



34 
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36 

.37 



38 
34 
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4« 
43 

45 
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Pec. 28 



3» 



1786 
Feb. 15 



St^ri. 



40(adf)Orio 
9Hrdr9 

60 Orionit 
28 (v) Draco 



Mtrelu9 



24*55 Ononis 



*7 
Miqr26 



a Nawit 
i4Sagittarii 



IM. 6. 



Sept. 30^1 Ceti 



oa. 17 
Nov. 28 
1787 
Jan. 17 



26 (JS) Perfei 
5 Monocero 



46 

47 

49 



Feb. 22 
Marchii 
18 
April 15 
5d Hayn 



99 to Virgin 

44(*) 

^9 Leo. min 

ioa(iftv)Vjr 

77(it)lbrcul 



S 41 
8 19 

II 38 

20 33 



t8 3: 
3 32 



304$: 
n 581 
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-7 s6 

3 4i8 
7 j6 



4 38 
I 4fi 

6 3a 
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c^. S. Dcarly £.. like ^ ft. with L. 
dia. with 240 like an ill defiaed 
planetary Deb. 
f Jo 141 I AS .ft. with a bniih fp.¥S. it rc- 
fcmblcs fig. 7. Phil. Tranf. Vd, 
LXXIV. Tab 17. 

A ft. aSefted with TT.-extenfive n^ 

chev. The (1« not quite central. 
A pUnetaiy neb. vB. has a di^ of 
about 35'' dia, but very ill de- 
fined edore. With long attentioki 
a vB. well defined R« center be« 
oomes vifible. 
2* A c(l. affeSed with vE. (n. chev. 
1 pB. R. n within the 46th of the 
GonnoiJJl des Tempi almoft of ia 
oqual light throughout of dia. no 
oonoedbion with the clufter, which 
it free from uebulofity, 
A pBft with a fcemlog brufli to.it 
i)p. may be a vS neb. ctofe to it.: 
A double ft. with extepfive ntbu« 
lofitgrofdiSerent intend ty. About 
the double ft. is a black opening 
ifsfeinbling the nejb* in Oriofi ia 
miniature. "^ !; 

Aift. about 8 or 9 in.wlth vF.bran. 
mr. Mch4>raQ€fa I'X. 
A^pBft. with 2 F. branches, 
r A.ft. involved in sa^ chev. 

Att. 9 m« with afB.in* nebul(fity« 
equally difperfed pU around. A 
nery remarkably |^baenomenop» 
^7 I pB. filmoft cB. v$. ftellar. 19ce a . 
iiar-withburs. 
o |).d < pB. .ftellar. refeifibles a 4s withm 

tfur aH around. 
O g7 I A,vFft affeaed withVF. n^bulqfity. 

S. ip nf. xM. 300* 
o 5^2 pB.,ftellar.iikeail. witha S. ))ur 

all around. ^ 

ftS I vBL R. 4' dia^ alsioft equaljy B« 
viitkaF.-r. marg^ ^ 

"O o a ' 51 



o 18 

27 
o . 2 



S48 



Dr. HxKfiCulcL*3 Gatalogiu ofaJecondTkoufand 



■787 j 



Stars. 



^, 



: SJ 1D.M. 



Ob 



Diefcription* 



5» 

S3 
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Nov. 3 



4 (J) Caffio 
10 Caxnelop 



54 
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57 
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Feb. 6 



467 



13 56 n 



4 o 
S5 42 



Urfe 
34 Lyncii 



59Uff« 

Jiiiieii35(^)Hercul 
Nov.25 24Cfphei 



7 3* 
a8 4 



as i» 

34 27 f 
116 2S n 



I 23 
I 6 

O 11 



o 30 

O 2 



o 56 
O 18 

O 2 



A cB. S. beautiful planetary ne- 
bula ) but c. hazy on the edges, 
of a uniform light; 10 or 15'' 
dia. perfe^ly R. I Ibewed it fb 
M. DelaLakpe. 

A fl. 9 m. with vF* nebulofity of 
S. extent about it. 

A pB. planetaiy nebula, near i^ 
dia» R. of uniform* light and 
pretty well defined. 2 obf. witb 
360 magnified in proporticmj but 
ftill pretty abruptly defined, and 
a little elliptic^. 

cB. S.N. with F.chev. 

pB. R. almoft of an eveft light 
throughout, approaching topla^ 
netary, but ill defined and a little 
fkinter on the edges | or i' dia. 
p. 1' pc ft. 

cB. iR« cBNM. with eztenfifecheT. 

A vS.F.fi. mvolvcd in eF.nebiilofitjr.^ 
A ft. 9 m. furrotinded with vF. m» 
ilebulofity. The ft. is either dou- 
ble, or not R. Left than i* dia. 



Fifth clafs* Very large nebulack 
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Nov. 27 



18 Ceti 



I 2P 



ft6 



d8 



Dec. 7 
26 



1 8 Leo. min« 
ijMonocero 



1786 
Jan. 



I 48 (0 Orion 



8 7 

12 



a 46 



I 
o 



044 



Four or five pL. ft. forming a tra- 
pezium of about 5' dia. 
The inclofed fpace is ^ed up- 
with finintly terminated kn. ne- 
bulofity. The ft. feem to>|iavc no 
connexion with the nebulpfity. 
cB. mE. par. 8' I. 3'b. 
^ome pBft. 7 or 8' tp. 15th Monce. 
are involved io eF. m. nebulofitf 
which loles itlielf imperceptibly. 

Remarkable m» nebulofify, di-» 
vUed in 3 or 4 large iMitchcfly. 
including a dark fpacc ^ tannot 
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29 
30 



*>. 3> 



34 



35 



36 
37 

38 

39 



•a 
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6iUt& 

f* I f Orioni 
45 J 



3»44(») 



3i-. Feb. i 
33 



a8(.) 



•^46(0 Ononis 



36 w 

S6 



45 38 
o o 

o o 
17 26 

Z 2& 

o a 



3 39 
2 16 



oa. 17 



^57 



35 (*) AAdro 
57 Cygni 



I>CC^2Q 



21 



19 (fi) Orion 
I z(/i) Crater 



S » 



II 9 

" 35 



8 15 



40 




I 
o 7 

o o 



o 40 
o 28 



20 

1 Z 



i 19 

P 5* 



take up leis than \. degree, but 
I fuppofp it to be much more 
cxtcnfive* 

1 leF. vL. vlbM, r. 10' 1. 8 or 9' b. 

2 The ift and 2d r Ononis, and the 
fkars about theoii are involved in 
eF. unc<iually B.^m. ncbulofitjr. 

O 2 t Orionis with its neighbouring ft. 
are involved in eF. m. nebulofity 
to a great extent. 

cB. vL. m^diffufed and vaaifhing. 
near and ff. Bft. 

Diffufed eF. ro. nebulofity. The 
means af verifying this phaeno- 
menoD are difficult. 

I jam pretty certain 1 Orionis is 
involved in unequally diffufed m. 
iiebufofity. 

Diffufed m. nebulofity, extending, 
over no lefs than 10 degrees of 
PD. and many degrees of RA. 
It is of very different brightnefs^ 
and in general extremely F. and 
difficult to be perceived. Muft 
probably the nebulofities of the 
28tH, 30, 31, 33, 34, and 38th 
of this clafs are conne^ed toge- 
ther, and fbn^ an immetife ftra- 
tum of far di^ant ftars, to which 
muft alfo.beUng the nebula m 
OrionJ ' 

vF. vL. E. nea^y mer. or a little 
from np ff. about 2o''l. 

vL. diffufed nebulofity. bM. 7 or 
8'1. 6'b. and lofing itfelf yg. 
and imperceptibly. 



f o z7 



Strongly fulpeaed nebulofity of v. 
great extent. Not lefs than 2°ii'. 
of PD. and 26'' of RA. In time 

vf • roE. nearly par, or about zo^ 
fpnf.vgbM. 8'1.3'b. ' 
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Defcripti6n, 



vF. mE. 15"* ip ut vlbM. aiout 

<rB. E. 60*" fp of. ao'l. a'i. 5 
vB. iti£. ip af«^'biu nearly ^. 
nfbM. i6'i. 

v^ brihtant. ^N. liith Fm. bran« 
pt>ff. 1^4. and to th^ ff. runi^izrg 
Uto!vFf nobfulolity extending a 
great way. the N. %s not R. 

cB/R«^FgbM. BN.'dor ^' dia. with 
a'F. bran/ch extendios a great way 
to the Bfto fi<k; n^lefs thai^ ^ 
degree, and to the n« or4if* the 
nebiilofity diffiifel over a fpace 
not ieft than a wb.oie degree, i 



Sixth clafs. Very codnpFeflod aod r^ch clufters of Aars. 

Cl. bluftdr. : ci)m.| coniprdTed. , 

CO. coarfcly* 
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iSCO^jf-AuH 



25 (jemino\ 



31 Monoc^rp 



June 27 
Deo« I 



46 (j;) Sagitt 
)Cyg«i 



7 58( 



127 



133 M 
ft 15 

IS s(> 

B SS 



n b 23 



< 1(5 



n C 20 



d 42 
a as 



cB. iR. 8 (or 9' dia. a great many 
oF the fi« vifiblo, £> ,that there can 
remain no doubt but that itib a 
Gl. of vS. ftara. , 

A T. <rich and v. com. CI. ft. of 
about 5'.dia« ibnaeof the laigeft 
ft^af^inarow. 

A ibeahtlftil C3. 6f itoucU com. i^ 
coniid. rich. lO or ia* dia« 
C. Si. difcovered ,11 io 1 733* ; 

A beautiful CL of v8, ft. of ^aiiout 
fifcea. 15' dia. very rich. 

At. com. and v. ricfaCi* of cStt. 
About 6' 1. 4' b. nearly par, 

A beautiful com. and rich Cl. of !& 
and L. ft. 7 or 8^ dia. the L. L 
aif^^d in UtM like interwo^ 
letteig. 
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A .vF, and v. com. CI. of cS. ft. 
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27 


27 

1787 


22 Monocero 


P 


20. 9 


a 


O^JI 




A ;v. beautiful CI.) of much coro. 
Si. and L. ft. ahovie 20' dia. 
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A CI • of c. com. and cS. ft. c. rich 


















iP. the f. and moft:i coou part R. 
Atonp. CI. of cS. ft. 
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A beautiful CI. of v. com; Sft. v^ 


•* , 
















rich. C. H,Miifcojered it 1783. 
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A bcantiful CI. of pL.ft. near 15' 
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A beautiful CI. of p. com. ft. 8 or 
9;. dia. nearly R.c. rich. 
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A>f « beautiful and brilHaat CI. of L, 
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ft.y.rich.theM. contains a vacancy. 
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A V. beautiful, brillUnt CI. of L. ft. 
iR. V. rich, near | degree in dia. 
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A S. CI. of vF, and c. com* ft. 
about 1^ dia. The next ftep to 
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An H, Cl«' of'iric.'ft. ^f Tariou» 

fizee. t«xicb. 
A p. C9III. CU of p( |c. A. of Tar. 

iiaeSimagnitndes^and colours. iF. 

and unfiqnally xom. i2or t^'jdia* 
|V tyeautiAil "CU of p. com. and 

•qtiallf fcJft. 10 pr 12' dia. 
A QI* of p. com. A* with many eS. 

ft. mixed vitb tbem» 
A 9L CLKd^uuna. vS. ft. 
A aom. CI. of pL. (L c. ricbk' 



A CLjQfp.AQm.pSJc. ft.with manyt- 
eS« fufpec. betw. them 7 or 8^ dia. 
1 |A Cl.i)f p«XQm. JL of feveral iites 
4 or 5' dia. 3Jth ^ exto&Svely 

fiiaggljiDgODCft-. 
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A CI. of eS. and pin* qom* ft.wUh 
a few L, but not rich, in the 
(bape of a hook* 
An i. CK of eS. ft. c. com. 9 or lol. 
4 or 5^ b. with 91D expending bran. 
towarciB fp. C. H. ttifcov. 1783. 
A Ci. ot pS. ft. p. riA. 15' 4ia, 
A CI. of vS. fL p. rich 6'i. ^b. ia , 
the fofm of a parallelogram. 
A CI. of pS. fc. ft. above 15' dia. 
A Ql. of vS. and p* com. ft. c. > 
rich, a or 3' dia. 
A vL. CO. fc, CI. of vL. ft. iR V. 
rich, takes up | degree like a. 
nebulous ft. to the naked eye. 
A CI. of p.com.pS, Sft. c.rich.cott- 
taios I L. the reft are all of a ftze. 
A CI. of vF. and vSft. p. com. but 
not rich. iF. 3' d^a. 
Ad. of S.pm. com. ft. with fttf- 
pefted m. nebulofitf. 
Q|.i. A CU of V4 ib« iUc.sidi. tndoC 
gCBia extent. 

A*<a. of V. com. eSft. c, rich. 3 or . 
4^ dia. moft com. M. 
A heautifuLCUol vSft. of ferenl 
fiz^s. c. com. and ^ich M. 10 or 
lilfdia. • ^ 

A p|. com. CI. of Sft. 4' dia« 

A qi. rf §ft. of fe^nd fizes. 3 oc 

4' dia. p. rich, like a forming oae. 

a |A s| CL of ft. p. com. e. rich in tS* 

ft. The com. part 4 or 5' dia.* 

A bjrilUant CI. of L. and vS. ft. ^ 

A Kc\. of vSft. c. com. and p.r$:h. 
ACl.of pcom.pLft.c.iich. Tte 

ft., arranged chiefly in lines from 

fp. nf. 
A S. p. com. CI. of ft. not rjch. 

iF* like a forming one. 
A S. CI. of pL. ft. c. rich. 
A CI. of ft. p. rich and c» cov^ 
i'l£i3or4'dia.3F. 
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vS, ft. iR. 6 or f diA.- 
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A CI. of feme cL. fl^. and many eS« 
lb at hardly to be feeo. The Lft. 
arranged in circular order 3 or 


so 


Sept. 47 


8i(ad»)Cyg 


P 


22 13 


f 


I M 
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A few Sft. with fufpeaed nebulo« 

fity. with 300 many vS. ft. intcr- 
miited wkh the former^ fo at to 
make a CI. 
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oa. 19 


7i(/) — 


P 


5 49 


f 


6 9 
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A p. com. CI. of pS. ft. c. rich iR. 
5 or 6' dia. 
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An extenfivc CI. of Lft. c. rich 
above 20' dia. 


si 


— 


73(f) -- 


f, 


30 41 


n 


48 


2 


A L. CI. of p. com. cLft. aboTC 
15' dm. c. rich. 


54 


Not. j 


36 Camclop 


f 


29' I 


n 


16 


t 


A vF. patch, or S« CI. ofeSft. 


55 


23 


32 (•) Ccphci 


f 


57 34 


n 


I 47 


3 


A CI. of cS. ft. iF. p. rich and 
com. containt a vacancy M. 


Eighth clafs. Coarfely fcattered clufters of ftars. 


VIII. 


1785 


Stan. 




M. 3. 




D.M. 


^i DeicriptioD. 


4» 


Dm. 7 


98 (i) Tftttri 


f 


U II 


f 


054 


I 


A co» CL of ft. or proje^ng point 
ofthem.way. 


4a 




I2S 


P 


I 22 


f 


4 


2 


ACUof co.fc.ft.aboyei5'dia. The 
ft. neirly of a (ize aftid equally fc. 


43 


26 


109(11) 


P 


15 30 


n 


I 29 


I 


AQ.of v.co.&Xft. join.toVII.2i. 


44 


28 


5(«)Cao.min 


f 


38 


f 


« 54 


I 


A CL > of Y« fco. fo. Lft. fiorm a 
cpoft.^ not rich. 


45 


3* 


6Navtt 


P 


3« 48 


f 


i 


1 


A CO. (c. CL of fto not rich. 


46 




.i— ■ 


P 


10 18 


n 


49 


I 


A vL. but CO. fc. CI. of ft. 


47 


1786 




P 


10 27 


n 


39 


I 


A Cl.of fe.ft.or them, way crouded 
with ft. of equal fise and colour. 


48 


Jas. I 


780riomt 


f 


10 59 


f 


« 9 


I 


A CL of V. fc. ft. of yariout firci. 
above i degree of extent. 


49 


3 


*BGemi.6m 


P 


33 n 

10 58 


n 


35 


I 


A CLof co.fc.Lft.notrich.^Seeoote 


5° 


*7 


SMonooero 


f 


n 


49 


a 


A CLof ft. arranged in a broad row. 














■ ^ 




25'L6or8'b.not v.cooubutp. rjch. 


S» 


Feb. 13 




f 


35 25 


f 


I 


I 


ACLofv.fc. ft. 


i2 


Mar. 19 


2Navtt 


P 


12 16 


n 


I 32 


I 


A CL of vL. CO. fc. ft. not ridu 


^3 


June 27 
Vol.. LXX 


iX. 


IP 


S», 10 


f 


« 41 


I 


A CLof fc. Stt. 8' 0U. not V. rich. 

54 
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VIII. 



1786 



54 June 27 

oet. 17 



55 

56 



Stars. 



46<«)Sagitt« p 



57 

58 

59 
60 



61 

62 

63 
64 

65 
66 

67 

68 

69 

70 
7' 



72 

73 

74 

75 
76 



78 



24 

Nov. 26 

1787 
Jan. i; 

Sept. 19 



37 (y) Cygni 
58 (0 — 
57 

59 Pcrfei 
19 Monocero 

2 1 (<r) Auriga: 
35(y)Cephci 



oa. 16 

Nov. 3 



M. S. 



27(y)Caffiop f 



9 

12 

Dec; 3 

1788 
Feb. 3 



37 0) — 
45 (') 

i7(f)Cephei 
41 Auriga 

18 Androm 



41 (») Perfei 
March4 58 Autige 

Jirfy 3opa 9erpentt» 

59(|)Aqu>l« 
Sept.2i8o{iflT)Cyg 
26 3 Lacerta 
a7S9(ifty)Cyg 



Nov. ri27(»)Cephe» 
26i5(«) Caffio 



71 19 

64 ij 
o 53 

8 47 



3 »9 
7 59 
5 3 



16 38 

4 43 

I 21 
II 12 

17 56 
47 9 

10 o 

8.59 
46 17 

I 22 



D.M.pb 



o as 



o 20 



32 



16 

21 

23 



27 26 
4 a 

34 '2 
7 29 
4 I 



^3 

ID 56 



o 30 

4 SO 

o 56 

o 53 

29 

2 o 

1 9 



I 20 

I 28 
o 44 



Defcription. 



o 6 
o 34 
o 12 
2 21 

o 7 



22 

1 8 



A CO. fc. CU of cLft. The place 

is that of a S. triangle. 
A CO, fc. CI. of LIU 
A S. CI. of CO. fc. ft. of vanoui 

fizcs. £. like a forming one. 
A CI. of CO. fc. pS. ft. of fcferal 

iizes« not rich* 
A CI. of pL, fc. ft. not V, rich, 
A CI. of CO. fc. pL. ft. not v. rich, 
A CI of pL.fc.ft.notv.rich.may be 

a projecting point of the m, way. 

A CI. of CO. fc. Lft. iF. not rich. 

like a forming one* 
|A Cl. of CO, fc. Lft. not rich, but 

the ft. are brilliant, one 7 m. 
A S. CL of pL. ft. 
A forming chiftcr of p. com. ft. 

C. H. dilc. 1783. 
AS.CUofSft.notv.nch.C.H.1783. 
A Cl. xsi CO. fc. cLft. 8 or 10' dia. 

on% 7 m, near M. 
A CL.of CO. fc. L. andS. ft. 7' 

dia. like a'forming one. 
A S. CK of fc ft. not rich one. 

7 m. towards the n. but this does 

not feem connefled with the Cl^ 
A Cl. of CO. fc pL. ft. one 8 m. 

in the ff. part. 

A Cl. of CO. Jfc. Lft. p. rich abox-c 

20' dia. 
A C I. of CO. fc. pL. ft. p. rich the 

place is that of b double ft. of 

the 3d'claf8. 

ACL of CO. fc.Lft. C. H. 178?. 
A Cl.of CO. fc. ft. with one pBft. M. 
A Cl. of CO. fc Lft. not rkh*6' dia. 
ACL of CO. fc LftJE^^nf. i6'L 
A ft. 6 m. furrounded by many ell. 

forming a brilliant fc Cl. the 

Lft. not M. but f. ' 
ACLofco.fcft.8'dia. C.H.17.87. 
A Cl. of V. CO. fc Lft: take up rj 

or ao'. C.H. difc. 1784. 

. Note* 
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Notes to fbme nebulx and clufters of Aars.* 

1. 138. The ntimber refers to De la Caille'i fouthcrn catalogue in the 
Coelum Auftrale StelHferurn. 
. Jr 190. A Aar of the fixth magQitude^ not contained in stny catalogue, t 
have called it C Canum Venaticorum. It follows Fl. 17. Can. 
Vcn. 37' 34" in time, and is o* 2' more fouth than that ftar. 
, II. 566. Sec the note to I. 138. 
. 638. See the note to L 138. 
697. See the note to I. 190. 

703. A ftar of the 7th magnitude, not contained in any catalogue. I 
. • • called it ACeti« Not having fettled it» place, I can only give it 
in a coarfe way. RA. about oh. 31' 37", PD. about 94^ 22^ 
in. 678. A ilar of the 7th magnitude, not containen in any catalogue. I 
have called it A Bootis. It follows Fl. 39 Bootis 6^ 56^' in time, 
and is 0° 55' more north. 
68 1. See the note to I. 190. 

742. A ftar of the 7th magnitude, not contained in any catalogue. I 
have called it B Draconis. Its place very coaribly is RA. 
i8h.47'. PD.4i°|. 
747. See Mr. WoLLAe-f on's general catalogue. Zone 20^ 
Vm. 49. A ftar of the 6th magAitude, not contained in any catalogue. I 
hav« called it B Oeminorum. Not havinig fettled its place^ I can 
only give it in a coarfe way, RA..fibout 6h.52'4''# FD. 
about 55«» 17', 

P. S. The planet Saturn has a Jixti fatellite revolving 
round it in about 32 hours, 48 minutes. Its orbit lies exactly 
in the plane of the Ring, and within that of the firft fatellite. 
An account of its difcovery with the forty-feet reflector, and a 
more accurate determination of its revolution and diftance from 
the planet will be prefented to the Royal Society at their next 
Meetings^ WILUAM HER8CHEU 
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' '' "XTJwL ./f« Attempr to explain a difficulty in the Theory ofVijion^ 
depending on the different ^efrangilility of TJgbf. .By the 
Rev. Ncvil Malkelyne,, D. D. F. R. S. and Jfirtmomer 

RoyaL, 



Read June 28, 1789^ 

THE Ideas of (ight are fo ftriking and beautifbl^ th^t we 
are apt to confider them as perfectly dii^iad.-^^he 
celebrated ]&9L£R| taking this for granted, has fuppofedl, m 
the Memoirs of the Royal Acaderoy of Sciences at fierh'n 
for I747f that the ieveral humors of the human ey^'were 
contrived in fuch a manner as to prevent the latitude of 
focus arifing' from the different refrangibility of light, and 
coniiders thi$ ^s.a.Aew^ reafon Ion admiring the ftruAure of the 
eye; for that a (ingle tranfparent medium, of a proper figure, 
would hav4 beep fu^cient to reprefent images of outward 
obje£^$ in ^tx^ anaperfe<^ manner;. but, to make the organ of 
fight 9b/pliKjGf})(iConQpletje,. it was neceflary it (hould be .com- 
, pofcd offeyeral tranfparent mediums, properly figurcdi^nd 
, fitted together ;:. agr^able to the rules of the fublimef): geome- 
try, in order to obviate the effcdt of the different refrsigibHity 
of Jight iu, di/lurbing the diftinftnefs of the image; amikhence 
he concludes^ that it is poflible to difpofe four refra£Hhg fur- 
faces in fuch a manner as to bring all forts of rayslto one 
. fqcus, at wiiatever difiauce. the objed be placed. He then 
. aiTumcs a certain hypotbefis of refradkion of the difiereatly 

lefran- 
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refrangible rays, and builds thereon an ingenious theory of an 
achromatic obje£t-glafs» compofed of two menifcus glafles 
with water betweqn them, .with the help of an aqalytical cal* 
culation, (imple and elegant^ as his uTually are. ' 

He has not, however, demohflrated . tho^ ijeceflary ^xifience 
of his hypbthefis, his' arguments tor which are more meta-- 
phyfical than geometrical ; and, as it was founded on 110 expe- 
riment, fo thofe made fince have fhewn its fallacy, and that it 
does not obtain in nature. Moreover, which is rather extra* 
ordinary, it does not account, according to his own ideas, for 
the very phaenomenoi\ which firft fuggefted it to him, namely, 
the great diftindnefs.of the human vifion, as was obfeirved to 
me, many years ago, by the late Mr* John Dojllond, 
F. R« S. to whom we are fo mudi obliged for the invention of 
the achromatic tclefcope; for thi^ refra^tioos at th€ fcveral hu- 
mora of the eye .being all made one ivay, the colours produced, 
by the firfk refrafiion will be increafed at tke tw6 fubiequent 
ones inftcad of being correded, whether we make ufe of 
Nj&wton's or £uL£&'s law of refraction of the differently 
refrangible rays. 

Thus £uL£K produced an hypothetical pri^cipfe^ neither fit^ 
for rendering a telefcope achromatic, nor toikrdo^iit fbr the 
diftinftnefs of the human vifion; sln'd the dUfiiJUlty of recon- 
ciling that diftinftnefs with the principle of thi different 
.-rcfrangihility of light difcovered by Sir IsaAc Newton re- 
mains in its full force. 

In order to go to the bottom of this difficulty, as the bef{ pro- 
bable means of obviating it, I have calculated the refradions 
of the « mean, mod, and lead refrangible rays at the fcveral 
huthors of the eye,, and thence inferred the difBfion of the 
rays^ proceeding from a point in an objcdt, at their falling 

upon. 
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upon the retina, and the external angle which fuch coloured 

image of a point upon the retina, correfponds to, 

I took the dimenfions of the eye from M. Petit, as related* 
^Y Dr. JuRiN ; and, the fpecific gravities of the aqueous and 
vitreous humors having been found to be nearly the fame with 
that of warcr, and the refraction of the vitreous humor of an 
ox*s eye having been found by Mr. Hawksbee to be the fame 
as that of water, and the ratio of refrafliou out of air into 
the cryftalline humor of an ox's eye having been found by 
the fame accurate experimenter to be as i to ,68327, I took the 
refra£lion of the mean refrangible rays out of air into the 
aqueous or vitreous humor, the fame as into water, as i to 

»74^53» ^^ ^yZ3S95 ^^ ^ J ^^^^ ^^^ ^^ ^^^ ^^^^^ *^® cryftalline 
humor as i to ,68327, or 1*46355 to i. Hence I find, 
according to Sir Isaac Newton*s two theorems, related at 
Part 11. of Book I. of Optics, p. 113. that the ratio of refrac- 
tion of the moft, inean, and leaft refrangible rays at the cornea 
ihould be as i 10,^4512, ,74853 and ,75197; at the fore- 
furface of the cryftalline as i to ,91173, ,91282, and,9i392; 
and at the hinder furface of the cryftalline as i to 1,09681, 
1,09550, and 1,09420. 

Now, taking with Dr. Ju^iN 15 inches for the diftance at 
"which the generality of eyes in their mean ftate fee with moft 
diftin6tnefs, I find the rays from a point of an objeft fo fituate 
will be collefted into three feveral foci, viz.tht moft, mean, 
and leaft refrangible rays at the refpeftive diftances behind the 
cryftalline ,5930., ,6034, and ,6141 of an inch, the focus of 
the moft refrangible rays being ,0211 inch fliort of the focus 
,of the leaft refrangible ones. 

Moreover, aflbming the diameter of the pencil of rays at 
«the cornea, proceeding from the objed at i^ inches diftance, 

7 to 
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to be 4th of 911 inch in a ftrong lights which is a large allow- 
ance for it, the femi-angle of the pencil of mean refrangible 
xa)>s at their concourfe upon the retina will be 7^^ \i\ whofe 
taugpnt to the radius unity, or ,1264 multiplied intp ,0211 
inch, the interval of the foci of the extreme refrangible rays, 
gives ,002667 inch for the difFufion of the different coloured 
jays, or the diameter of the indiftindl circle upon the rqtina. 
Now, I £nd, that,the diameter of the image of an.objedi upon the 
retina is to the objed: as ,6055 inch to the diftance of the ob- 
jeft from the center of curvature of the cornea ; or the fizc of 
the image is the fame as would be formed by a very thin con- 
vex lens, whofe focal diftance is ,6055 inch, and confequently 
a line in an oijeft which fubtends aii: angle of 1^ at the center 
of the cornea will be reprcfented on^the retina by a line of 
^^'^^th inch. Hence the diameter of the jndiftindl circle on 
the retina before found, ,002667 will anfwer to an external 
angle of ,002667 x (5678''= 15^ ^'\ or every point in an objedt 
Ihould appear to fubtend an angle of about j c', on account of 
the diilerent rcfrangibility of the rays of light. 

I (hall now endeavour to fliew that thi-s angle of .ocular aber- 
ration is compatible with the diftinftnefs of our vifion. This 
aberration is of the fame kind as that vfhich we experience in 
the common refrapling telefcope. Now, by computation from 
the tabular apertures and magnifying powers of fuch telefcopeg, 
it is certain that th^y admit of an angular indiftinftnefs at the 
eye of no lefs than 57^ ; therefore the ocular aberration is near 
four times lefs than in a coir*mon refracting telefcope, and con- 
fequently the real intliainclneCs, being as the fquare of the 
angular aberration, will be 14 or 15 times lefs in the eye than 
in a common refrafting telefcope, which may be eafily allowed. 
to be imperceptible. 

Moreover, 
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Moreover, Sir Isaac Newton hasobferved, withrefpe^to 
the like difficulty of accounting for the diftin^tnefs with which 
refraCling telefcopes rcprcfent objefts, that the erring rays arc 
not fcattered uniformly over the circle of diflipation in the 
focus of the objedJt-glafs, but collefted infinitely more denfely 
in' the center than in any other part of the circle, and in the 
wiy from the center to the circumference grow continually 
rarer atid rarer, fo as at the circumference to become infinitely 
rare ; and by reafon of their rarity are not ftrong enough to be 
vifible, unlefs in the center and very near it. 

He farther obferves, that the moft luminous of the prifma* 
tic colours are the yellow and orange, which affcft the fcnfe 
more ftrongly than all the reft together ; and next to thefe in 
Arength are the red and green ; and that the blue, indigo, and 
violet, cotnpared with thefe, are much darker and fiainter, and 
compared with the other ftronger colours, little t9 be regarded ; 
and that therefore the images of the objefts are to be placed 
not in the focus of the mean refrangible rays, which are in 
the confine of green and blue, but in the middle of the orange 
and yellow, there where the colour is moft luminous, that 
which is in the brighteft yellow, that yellow which inclines 
more to orange than to gtven. 

From all thefe confiderations, and by an elaborate calcul»> 
tion, he . infers, that though the whole breadth of the image 
^f a lucid point be ^^^.th of the diameter of the aperture of 
the objeft-glafs, yet the fenfible image of the £une is fcarce 
broader than a circle whofe diameter is -^^^ part of the dit- 
meter of the aperture of the objeA-glafs of a good teleicope; 
and hence he accounts for the apparent diameters of the fixed 
^ars as obferved with telefcopes by aftiO0omer8| although ia 
reality they are but pcnnts. 

The 
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The like reaibning is applicable to the circle pf diflipation 
on the.retiua of the baman eye; and therefore .we. may leilen . 
the angular aberration^ before computed at i5%Ju.the ratiQ of 
t$o Xo 55, which will reduce it to 3' \%'\ 

This reduced angle of aberration may perhaps be double the 
apfdreut diameter of the brighteft fixed ftars to an eye difpofed 
foi? ieeing.moft diftindly by, parallel rays; or, if (hort-fighted^ 
adifted by a. proper concave lens ; which may be thought a f|i^« 
ficidnCappcfMiiroation.in aa explication grounded on a diflipation 
of rays, to which a precife limi; cannot be afligned, on account 
of tbyec^ntifiual increafeof den fity from the circumference to t^e 
ceoteTf Certainly fome fuch angle of aberration is neceiTary to 
acoount for the ftars appearing under any fenfible aiigle to fuch an 
f ye ; and if we were,, withqut reafon, to fuppofe ^he images on 
the retma;tobeperfod:, we (hould be put to a much greater 
difficulty to account for the fixed ftars appearii;^ otherwife 
than as points, than we have now been tp account for the 
adual diOindnela of otfr fight. ... .1 

' The lefs apparent diameter of the fnialkr fix^d ftars agrees 
alfo with, thia theory ; for the lefs 4u(ninou^ the circle of difC* 
pationiSf the nearer we. muft; Iqok towards ita* center to find 
rays fufficiently denfe to move the ituii^ Fifom.Sir Isaac 
Nbwton's geometrical account of tlip rejLative .ciepfity of the 
rays in the circle of difiipatiou, giy^n iii ,his fyftem of the 
world, it may be. inferred^ that the appareiu diameters of the 
fixed ftars, as depending on this caufe, are nearly as their 
wkole quantity of light, . 

in farther elucidation of this fubjed let me add my owi) 
experiment. When I look at the brighter fixed ftars, at con« 
fiderable elevattoas, through a concave . glafs fitted, as I am. 
ihort-fighted, to ftiew them with moft diftindnefsj they appear 

VoL.LXXIX. Qq to 
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to me without fcintillation, and aa a fmall round circle of fire 
of a fenfible tnagnitude. If I look at them without the con* 
cave glafs, or with one not fuitcd to my eye, they appear to 
caft out rays of a determinate figure, not exactly the fame in 
both eyes, fomewhat like branehes of trees (which doubtlefs 
ftrife from fomething in the conftruftion of the eye) and to fcin- 
tillate a little, if the air be not very clear* To fee day objefts 
with moft diftinftnefs, I require a lefs concave letis by one de« 
gree than for feeing the ftars bcft by night, the caufe of which 
feems to be, that the bottom of the eye being illuminated by the 
day obje6ls, and thereby rendered a light ground, obfcures the 
fainter colours blue indigo and violet in the circle of diflipa* 
tion, and therefore the beft image of the objeft will be fonnd 
in the focus of the bright yellow rays, and not in that of the 
meao refrangible ones, or the dark green, agreeable to New- 
T0N*s remark, and confequently nearer the retina of a fliort* 
iighted perfon ; but the parts of the retina furrounding the 
circle of diflipation of a flar being in the dark, the fainter co- 
lours, blue, indigo, and violet, will have fome (hare in form- 
ing the image, and confequently the focus will be^fliorter. 

The apparent diameter of the flars here accounted for is dif- 
ferent from that explained by Dr. JujiiN, in his Effay on 
diftind and indiftind vifion, arifing from the natural conAitu- 
tion of the generality of eyes to fee objefts moft diftiilft at 
moderate diftances, and few being capable of altering their 
conformation enough to fee diftant objects, and among them the 
celeftial ones, with equal diftindnefs. * But the caufe of error, 
which I have pointed out, will affeA all eyes, even thofe which 
are adapted to diftant objeds. 

If this attempt to (hew the compatibility of the adual 
diftin'Anefs of our fight with the difierent refrangibility of 

light 
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light ihall be admitted as juft and convincing, we fhdll hstve 
fre(h*rcafon to admire the wifdom of the Creaftor in fo adajit^ 
ing the aperture of the pupil and the different rcfnangibility of 
light to each other, as to render the pifture of objefts upon 
the retina relatively, though not abfolutely, perfeft, and fitted 
for every ufcful purpofe ; ** v^rhere/' to borrovr the Word& of 
otir relrgious and oratorical philofopher Derham, •« all thfe 
♦^ glories of the heavens and earth are brought and exquifiJely 
" piftured." 

Nor does it appear, that any material advantage would have 
been obtained, if the image of objefts on the retina had bceit 
made abfolutely perfeft, unlefs the acutenefs of the optic nerve 
ihould have been increafed at the fame time ; as the minimum 
vifibile depends no lefs on that circumftance than the other. 
But that the fenfibility of the optic nerve could not have beea 
much increafed beyond what it is, without great inconvenience 
to us, may be eafily conceived, if we only confider the forcible 
impreffion made on our eyes by a bright (ky, or even the day 
objedls illuminated by a ftrong fun. Hence we may conclude, 
that fuch an alteration would have rendered our fight painful 
inftead of pleafant, and noxious inftcad of ufeful. We might 
indeed have been enabled to fee more in the ftarry heavens with 
the naked eye, but it muft have been at the expence of our 
daily labours and occupations, the immediate and necefiTary 
employment of man. 

I {hall only mention farther, and obviate an obje£iion to the 
difFufion of the rays upon the retina by the different refrangi- 
bility of light. It may be faid, that the ocular aberration* 
being a feparate caufe from any effeft of the telefcope, fhould 
fubfift equally when we obferve a ftar through a telefcope as 
when we look at it with the naked eye ; and that therefore the 
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fixed ftars could uot appear fo fmall as they have been found to 
do through the heft telefcopes, and particularly by Dr. Her* 
^0b;u with his excellent ones. To this I anfwer, that the 
pcular aberrations which is proportional to the diameter of 
the pupil when we ufe the naked eye. Is proportional to the 
diameter of the pencil of rays at the eye when we look 
through a telefcope, which being many times lefs than that of 
the pupil itfelf, the ocular aberration will be diminiflied in 
proportion, and become infenfibie. 
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XXII. Experiments and Ohfervaiions on EkSlricity. By Mt. 
William Nicholfbn ; communicated by Sir Jofeph Bank^i 
Bart. P. R.S. 



Rlfcad June 25, 1 789* . 

Sect. I. On the Excitation of EleSlricity. 

n \ GLASS cylinder was mounted, and a cufliion ap^ 
XjL plied with a (ilk flapi proceeding from the edge of 
the cufliiou over its furfice, and thence half round the cylin^^ 
der. The cylinder was then excited by applying an amal>- 
gamed leather in the ufaal manner. The clc£lricity was re- 
ceived by a conductor, and paffed off in fparks to Lane's 
eleftrometen By the frequency of thefe fparks, or by the 
number of turns required to caufc fpontaneous explolioQ^of a 
jar, the ftrength of the excitation was afcertained, 

2. The cufhion was withdrawn about one idch from the 
cylinder, and the excitation performed by the filk only. A 
flreani of fire was feen between the cufliion and the (ilk ; and 
much fewer fparks palled between the balls of the eledro*- 
meter. 

3. A roll of dry (ilk was interpofed, to prevent the ftream 
from pafling between the cu(hion and the (ilk. Very few fparks 
then appeared at the electrometer. 

4. A metallic rod, not infulated, was then interpofed, in^ 
ftead of the roll of filk> fo as not to touch any part of the 

apparatus. 
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apparatus. A denfe flream of eledricity appeared between the 
rod and the filk, and the condudlor gave very many fparks. 

5. The knob of a jar being fubfticuted ia the place of the 
metallic rod, it became charged negatively. 

6. The filk alone, with a piece of tin^fbil applied behind it, 
afforded much eleftricity, though lefs than when the cuihion 
was applied with a light preffure. The hand, being applied to the 
filk as acufhion, produced a degree of excitation feldom equalled 
by any other cufliion. 

7. The edge of the hand anfwered as well as the palm. 

8. When the excitation by a cufliion was weak, a line of 
light appeared at the anterior part of the cuihion »; and the filk 
was ftrongly difpofed to receive eledricity from aay uninfulated 
conductor. Thefe appearances did not obtain wbeii the exci* 
tation was by any means made very ftrong. - 

9* A thick (ilk, or two or more folds of (ilk> excited worfe 
than a fingle very thin flap. I ufe the filk which the milleners 
call Perlian,. 

lo. When the (ilk was feparated from the cylinder, fparks 
palTed between them ; the filk was found to be in a .weak 
negative, and the cylinder in a pofitive ftate. 

The foregoing experiments (hew that the office of the filk is not 
merely to prevent the return of electricity from the cylinder to 
the cufliion, but that it is the chief agent in the excitation ; while 
the cufliion ferves only to fupply the eledricity, and perhaps 
increafe the preffure at the entering part. There likcwife ieems 
to be little reafoh.to doubt but that the difpofition of the cledri- 
city to efcape from the furface of the cylinder is not prevented 
by the interpofition of the (ilk, but by acompenfation after the 
manner of a charge ; the filk being then as flrongly negative as 
the cylinder is pofitive : and, laftly, that the line of light 

between 



between the filk and cufluon hi weak^ncitationB does not con* 
fift of returning eleftricity, but of elcftricity which pafles to 
the cyliilderi in confeguence of its not having been fufikiently 
fupplied, during its con ta£t with the rubbing furface. 

1 !• When the excitation was very ftrong in a cylinder 
newly mounted, flaflies of light were feen to fly acrofs its 
infide, from the receiving furface to the furface in contaft with 
the cufliion, as indicated by the bru(h figure. Thefe made the 
cylinder ring as if ftruck with a bundle of fmall twigs. They 
feem to have arifen from part of the ekdricity of the cylinder 
taking the fof m of a charge. This appearance was obferved in 
a nine-inch and a twelve^inch cylinder, and the property went 
off in a few weeks* Whence it appears to have been chiefly 
occafioned by the rarity of the internal air produced by hand- 
Img, and probably reflored by gradual leaking of the cement. 

i2« With a view to determine what happens in the infide of 
the cylinder, recourfe was had to a plate machine.r One 
cufhion was applied with its filken flap. The plate was nine 
inches in diameter and two^tenths of an inch thick. During the 
excitation, the furface oppofite the cuihion ftrongly attracted 
eledricity, which it gave out when it arrived oppofite the ex- 
tremity of the flap. So that a continual fl:rcam of eledricity 
pafled through an infulated metallic bow terminating in balls, 
which were oppofed, the one to the furface oppofite the extre- 
mity of the filk, and the other oppofite the cufhion ; the for- 
mer ball fhewing pofitive, and the latter negative figns. The 
knobs of two jars being fubftituted in the place of thefe balls,. 
the jar, applied to the furface oppofed to the cufhion, was 
charged negatively, and the other pofitively. This difpofition 
of the back furface feemed, by a few trials> to be weaker the 
4 ftronger. 
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ftronger the aftlon of the cufliion, as judged by the eledricitjr 

on the cufliion fide. 

Hence it follows, that the internal furfacc of a cylinder is 
o far from being difpofed to give out eledricity during the 
fridion by which the external furface acquires it, that it even 
greedily attradts it. 

13. A plate of glafs was applied to the revolving plate, and 
thruft under the cufliion in fuch a manner as to fupply the 
place of the filk flap. It rendered the eleftricity ftronger, and 
appears to be an improvement of the plate machine; to be 
admitted if there were not effential objediions againft the ma- 
chine itfelf. 

14. Two cufliions were then applied on tbeoppofite furfaces 
with their filk flaps, io as to clafp the plate between them. The 
cleSricity was received from both by applying the finger and 
thumb to the oppofite furfaces of the plate. When the finger 
was advanced a little towards its correfpondent cufliion, fb 
that its diflance was lefs than between the' thumb and its 
cufliion, the finger received ftrong electricity, and the thumb 
iione ; and, contrariwife, if the thumb were advanced beyond 
the finger, it received all the eleftricity, and none paflTed to the 
finger. This electricity was not ftronger than was produced by 
the good aftion of one cufliion applied fingly. 

15. The cufliion in experiment 12. gave moft eledricity 
when the back furface was fupplied, provided that furfecc was 
fufFered to retain its elcdricity till the rubbed furface had given 
out its eleftricity. 

From the two laft paragraphs it appears, that no advantage 
is gained by rubbing both furfaces ; but that a well managed 
friction on one furface will accumulate as much eleCtricity as 
the prefent methods of excitation fecm capable of collecting ; 

but 
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but that when the excitation is weak, on account of the elcdric 
matter not pafling with fufficient facility to the rubbed furface, 
the fri&ion enables the oppofite furface to attraft or receive it, and 
if it be fupplied, both furfeces will pafs off in the pofitive ftate ; 
and either furface will give out more eledlricity than is really in- 
duced upon it, becaufe the eleSricity of the oppofite furface forms 
a charge* It may be neceffary to obferve, that I am Ipeal^ing of 
the fafts or efiedts produced biy friftion j but how the rubbing 
furfaces aft upon each other to produce them, whether by 
attraction, or otherwife, I do not here enquire* 

It will hereafter be feen, that plate machines do not Colleft 
more eleftricity than cylinders (in the hands of the eledrical 
operators of this metropolis) do with half the rubbed furface ; 
which is a corroboration of the inference here made. 

16. When a cylinder is weakly excited, the appearances 
mentioned (par. 8.) are more evident, the more rapid the turn- 
ing. In this cafe, the avidity of the furface of the cylinder 
Beneath the (ilk is partly fupplied from the edge of the iilk 
which throws back a broad cafcade of fire, fometimes to the 
diftance of above twelve inches. From thefe caufes it is that 
there is a determinate velocity of turning required to produce the 
maximum of intenfity in the conduftor. The fttonger the ex- 
citation the quicker may be the velocity ; but it rarely exceeds 
five feet of the glafs to pafs the cufliion in a fecond. 

17. If a piece of filk be applied to a cylinder, by drawing 
down the ends, fo that it may touch half the circumference, 
and the cylinder be then turned and excited by applying the 
amalgamed leather, it will become very greedy of eleftricity 
during the time it paffes under the filk. And if the entering 
furface of the glafs be fupplied with eleftricity, it will give it 
out at the other extremity of contadl; that is to fay, if infu- 

VoL. LXXIX. R r lated 
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lated cbndudof S' be applied at the touching ends of the filfc, 

the one will give, and the other receive, ele£tricity until the 

intenfities of their oppolite ftates are as high as the power oi 

the apparatus can bring them; and thefe ftates will be in- 

ftantly reverfed by turning the cylinder in the oppofite 

direftion. 

As this difcovery promifes to be of the greateft ufe in elec- 
trical experiments, becaufe it affords the means of producing 
either the plus or minus ftates in one and the fame conduftor^ 
and of hiftantly repeating experiments with either power, and 
without any change of pofition or adjuftment of the apparatus, 
it evidently deferved the moft minute examination. 

1 8. There was little hope (par. 6.) that cufhions could be 
difpenfed with. They were therefore added ; and it was then 
feen, that the ele6lrified conduftors were fupplied by the dif- 
ference between the adion of the cuftiion which had the ad-s 
vantage of the filk and that which had not; fb that tHe nakef 
face of the cylinder was always in a ftrong ele^ric ftate* 
Methods were ufed for taking off the preffure of the receiving 
cufliion ; but the extremity of the (ilk, by the conftruAion, 
not being immediately under that cu(hion, gave out large 
flafhes of eleftricity with the power that was ufed. Neither 
did it appear prafticablc to prefent a row of points or other 
apparatus to intercept the eleflricity which flew round the 
cylinder ; becaufe fuch an addition would have materially dimi- 
jiilhed the intcnfity of the conduftor, which in the ufual way 
was fuch as to flafli into the air from rounded extremities of 
four inches diameter, and made an inch and half ball become 
luminous and blow like a point. But the greateft inconve- 
nience was, that the two ftates with the backward and forward 
turn were feldom equal; becaufe the difpoiition of the amal- 
gam. 



gam on, the (ilk, produced by, applying the leather tq the cylin- 
der in one direftion of turuing, was the rev^rfe of wjhat muft 
t^ke place when the contrary operation was performed* 

Notwjthftanding all this, as the intenfity with the twq 
i;u(hion3 was fuch as mod operators would have called flrong, 
the method niay be of u(^, and I ftill mean to make more 
experiments when I get poffeffion of a very large machine 
which is now in hand. 

19. The mpre immediate advantage of this difcovery is, that 
it fuggefled the idea of two fixed cu(hions with a moveable 
iilk flap and rubber, ypon this principle, which is fb (imple 
and obvious, that it is wonderful it (hould have been fo long 
overlooked, 1 have conftruded a machine with one conduftor, in 
which the two oppofite and .equal flate^ are produced by the 
fimple procefs of loofening the leather rubber, and letting it 
pafs round with the cylinder (to which it adheres) until it 
arrives at the oppofite (ide, where it is again faflened. A wifli 
to avoid prolixity prevents my defcribing the mechanifm by 
which it is let go, and faflened in an inftant, at the fame time 
that the cufhion is made either to prefs or is withdrawn, as 
occafion requires. 

zo. Although the foregoing feries of experiments naturally 
lead us to confider the filk as the chief agent in excitation ; yet 
as this bufinefs was priginally performed by a cufhion only, it 
becomes an obje£t of enquiiy to determine what happens in 
this cafe, 

21- The great Beccakia * inferred, that in a fimple 

cufhion, the line of fire, which is feen at the extremity of con- 

ta£l from which the furface of the glafs recedes, confifts of 

returning eledricity; and Dr. Nooth grounded his happy 

f Fbiloibpbical Tranfaaions, Vol, LVI. p. 1 17, • 

Kx 2 invention 
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mvention Cf the frfk 'flap" upon^^ the fame foppofitiofi* The 
forther aflerM, thftt thelm^s of light both at the enteritig and 
departing parts of the furface are abfolutely (imtidr ; and thence 
infers, that the cufhion deceives on the one (idci as k certainly 
does oi\ the other. I find, however, that the £a& is diredtly 
contrary to this afTertion } and that the oppofite inference 
tiught to be made, as' far as this indication can be reckoned con-« 
clufive : for the entering furface exhibits many luminous per-* 
pendicuiars to the cu(hion, and the departing furface eKhibits a 
neat uniform line of light. This circumftance, together with 
the conlideration that the line of light behind the (ilk in par. 
8, could not confift of returning eleftricity, (hewed the necef- 
fity of farther examination. I therefore applied the edge of 
the hand as a rubber, and by occafionally bringing forward 
the palm, I varied the quantity of eledricity which pa(red near 
the departing furface. When this was the greateft, the fparks 
at the eleftrometer were the moft numerous. But, as the ex- 
periment was liable to the objeftion that the rubbing furface 
was variable, I parted a piece of leather upon a thin flat piece 
of wood, theii amalgamed its whole furface, and cut its extro* 
mity off in a neat right line clofe to the wood. This being 
applied by the gonftant adion of a fpring againft the cylinder, 
produced a weak excitation, and the line where the contadt of 
the cylinder and leather ceafed (as abruptly as poflible) exhi- 
bited a very narrow fringe of light. Another piece of wood 
was prepared of the fame width as the rubber, but one quarter 
of an inch thick, with its edges rounded, and its whole fiir- 
face covered with tin-foil. This was laid on the back of the 
rubber, and was there held by a fmall fpring, in fuch a man- 
ner as that it could be Aided onward, fo as occa(ionally to projed 
beyond the rubberi and cover the departing and excited furface 

of 
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of the cyUiider, without toiftching it. Tbt fparks*9t the elec- 
trometer were four times as nun^erous when this metallic piece 
was thus projefted ; but zm> eled^icity was obierved to pafs 
between it and the cylinder. The metallic pi^ce was then 
held \n the hatid to regulate its diftance from the glafs ; and 
it was founds that the fparks at the eledrometer increafed in 
number as it was brought nearer, until light appeared between 
the metal and the cylinder, at which time they became fewer 
the nearer it was brought, and at lall ceafed when it was in 
contaA. 

The following concluHons appear to be deducible from the(^ 
experiments, i. The line of light on a cylinder departing 
from a fimple cufhion coufifts of returning eledricity; 2. 
the projecting part of the cofhion compenfates the eledricity 
upon the cylinder, and by diminilhing its intenfity prevents its 
Ariking back in fuch large quantities as It would otherwife do ; 
3. that if there were no fuch compenfjition, very little of the 
excited eleftricity would be carried off; and, 4, that the ,com* 
penfation is diminiihed, or the intenfity increafed, in an higher 
ratio than that of the diftance of the compenfating fubftance ; 
bccaufe if it were not, the eledlricity which has been carried 
off from an indefinitely fmall diAance, would never fly back 
from a greater diflance and form the e'dge of light. 

22. I hope the confiderable intenfity I (hall fpeak of will be 
an apology for defcribing the manner in which I produce it» 
I wifh the theory of this very obfcure proceis were better 
known ; but no conjecture of mine is worth nrientioning. The 
method is as follows: 

Clean the cylinder, and wipe the filk. 

Greafe the cylinder by turning it againfl: a greafed leather till 
It is uniformly obfcured. I ufe the tallow of a caudle* 

Tura 
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^ Turn >thc cylinder till, the filjk flap has wiped off fo much 
of the greafe as to render It femi-tranfparcnt. 

Put lome amalgam on a piece of leather, and fpread it well 
fo that it may be uniformly bright. Apply this againft the 
turning cylinder. The fridlion Will immediately inereafe, ^nd 
the leather muft not be removed until it ^eaf^s to .bejcomp 
greater. 

Remove the leather, and the sftioi^ of the machine will b^ 
very firong. 

My rubber, as before oblerved, confifts of the (ilk flap pafted 
to a leather, and the cufhion is prefl^^d againft the i\\]t by a. 
flender fpiral fpring in the middle of its back. The pu(hipa 
is loofely retained in a groove, and refts againfl: the fpring Qaly, 
in fuch a manner that by a fort of libratioa upon it as a ful- 
crum, it adapts itfelf to all the irregularities of the cylinder^ 
and never fails to touch in its whole length. There is no ad- 
juftment to vary the preflure, becaufe the preflure canned be 
too fmall when the excitation is properly made. Indeed, the 
adual withdrawing of the cuihion to the diftance of Qne-> tenth 
of an inch from the filk» as in par. a. will not materially aflTedt 
a good excitation. 

The amalgam is that of Dr. I^iogins^ compofed of zinc 
and mercury. If a little mercury be added to melted zinc, k 
renders it eafily pulverable, and more naercury may be added to 
the powder to make a very foft amalgam. It is apt to cryftal- 
lize by repofe, which feems in fome meafure to be prisvente4 by 
triturating it with a fmall proportion of greafe: and.it is 
always of advantage to triturate it before .ufing. 

A very ftrong excitation may be produced by applying the 

amalgamed leather to a clean cylinder with a clean filk% But 

4 it 
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It fbon goes ofF, and is not fo ftrong as the foregoing, which 
lafts feveral days, 

23. To give fome diftindlive cnterions by which other elec- 
tricians may determine whether the intenfity they produce c)C- 
Ceeds or falls (hort of that which this method affords, I (hall 
mention a few fa6ls. 

With a cylinder 7 inches diameter and cufliion 8 inches long, 
three bruflies at a time conftantly flew out of a three-inch ball in 
afucceflion too quick to be counted, and a ball of li inch dia- 
meter was rendered luminous, and produced a ftrong wind like a 
point. A nine-inch cylinder with an eight-inch culhionoccafioned : 
frequent fla/hes from the round end of a conductor 4 inches 
diameter : with a ball of 2i inches diameter the flaflies ceafed : 
now and then, and it began to appear luminous :*a ball of if * 
inch diameter firft gave the ufual flalhes ; then, by quicker 
turning, it became luminous with a bright fpeck moving about 
on its furface, while a conftant ftream of air ru(hed from it ; . 
and, laftly, when the intenfity was greateft, bruilies, of a dif- 
ferent kind from the former, appeared. Thefe w;ere lefs lu- 
minous, but better defined in the branches ; many llarted out 
at once with a hoarfe found. They were reddifli at the ftem, 
fooner divided, and were greenifti at the point next the ball,, 
whicti was brafs. A ball of ^-^ inch diameter was furrounded 
by a fteady faint light, enveloping its exterior hcmifphere, , 
and fometimes a flafh ftruck out at top. When the excitation ' 
was ftrongefl: a few flaflies ftruck out fide ways. The horizontal \ 
diameter of the light was longeft, and might meafure one 
inch^ the ftem of the ball being vertical. 

This laft phaenomenon is fimilar to a natural event related ' 
by M. LoAMMi Baldwin *, who railed an eledlrical kite in 
* Memoirs of the American Academy, Vol. I. p. 257. 

July, . 
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July, I77i>' during the approach of a fevere thunder- ftorra, 
and obferved himfelf to be furrounded by a rare medium of 
fire, which, as the cloud rofe pearer the zenith, and the kite 
rofe higher, continued to extend itfelf with fome gentle faint 
flaflies. Mr. Baldwin felt no other effefl: than a general 
weaknefs in his joints and limbs, and a kind of lifllefs feeling ; 
' all which he obferves might poffibly be the effeft of furprize, 
though it was fufficient to difcourage him from perfiftinjg in 
any farther attempt at that time. He therefore drew in his 
kite,^ and retired to a fliop till the ftorm was over, and then 
went to his houfe, where he found his parents and friends 
much more furprifed than he had been himfelf; who, after 
expreiling their aftonifhment, informed him, that he appeared 
to them (during the time he was railing the kite) to be in the 
midft of a large bright flame of fire, attended with flafliings; 
and that they expeded every moment to fee him fall a (acrifice 
to the flame. 'The fame was obferved by fome of his neigh- 
bours, who lived near the place where he flood. 

This fafl: is fimilar to another obferved by M. de SAUSstJRS 
on the Alps, and both arc referable to my luminous ball with 
the fecond kind of brufli. The cloud muft have been negative. 

With a 12-inch cylinder, and rubber of 7! inches, a five- 
inch ball gave frequent flashes, upwards of 14 inches long, 
and fometimes a fix-inch ball would flafh. I do not mention 
the long fpark, becaufe I was not provided with a favourable 
apparatus for the two larger cylinders. The 7-inch cylinder 
affords a fpark of io| inches atf beft. The 9-inch cylinder, 
not having its conductor infulated on a fupport fufficiently 
high, afforded flafhes to the table which was 14 inches diftant. 
And the 12-inch cylinder, being mounted only as a model or 
trial for conftrucliug a brger apparatus, is dcfediive in feveral 

refpedls 
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refpefts which I have not thought fit to alter. When the five- 
inch ball gives flafhes, the cylinder is enveloped on all fide» 
with fire which ruflies from the receiving part of the con- 
dudlor. I never ufe points, but in a fimple machine bring the 
conduftor almoft in contaft with the cylinder. In this appa- 
ratus that cufhion to which the rubber is not applied fervea 
that purpofe. 

24. Thefe marks exhibit the intenfity as deduced from fim- 
ple eleftrifying. I will now mention the rate of charging, 
which was nearly the fame in all the three cylinders. 

A large jar of 350 fquare inches, or near 2f fquare feet, 
with an uncoated varni(hed rim, of more than four inches in 
height, was made to explode fpontaneoufly over the rim. The 
jar, when broken, proved to be 0.082 inches thick on an ave- 
rage ; and the number of fquare feet of the furface of the 
cylinder which was rubbed, to produce the charge of one foot, 
was, when leaft, 18.03, and when moft, with good excita- 
tion, I9-34. The great machine at Harlem charges * a fingle 
jar of one foot fquare by the fri£fcion of 66.6 fquare feet, and 
charges its battery of 225 fquare feet at the rate of 94.8 fquare 
feet rubbed for each foot. The intenfity of eleftricity on the 
furface of the glafs is therefore confiderably lefs than one- 
fourth of that here fpoken of; but if we take the mofl favoura- 
ble number 66*6 at the commencement of turning, and halve 
It on account of the unavoidable imperfection of a plate ma- 
chine (as (hewn in par. 14.), it will be found, that the manage- 
ment applied to that machine would caufe a cylinder to charge 
one fquare foot by the friftion of ^^i ^4^^^^ ^^^t. It mufl be 
obferved, however, that M. vav Marvm*s own machine, con- 

* To explode from the central wire, which, from ibme triali, I find to require 
Ub force than from coating to coating at equal diftancei. 

Vol. LXXIX. S f fifting 
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lifting of two plates, 33 inches diameter, has only half the 
intenftty, though he reckons it a very good one. This machine 
k about equal in abfolute power to my 9*inch cylinder, with its 
fhdrt rubber ; but it is near thirty times as dear in price. In 
all thefe deductions I omit the computations, for the fake of 
brevity, and becaufe they are eafily made. The data are found 
in the defcription of the Teylerian machine, and its continua- 
tion publiflied at Harlem in the years 1785 and 1787. 

I fhall here take the liberty of obferving, that the aAion of 
the cylinder, by a fimple cuihion or the hand, which excited 
the aftonifliment of all Europe, in the memory of our co- tem- 
poraries, was firft improved by the addition of a leathern flap ; 
then by moiftening the rubber; afterwards by applying the 
amalgam; and, laftly, by the addition of a (ilk flap. Now, I 
find, by experiment, that we at prefeut obtain upwards of 
forty times the inteniity which the bare hand produces; and 
confequently that, fince eighteen times our prefent intenfity 
will equal the utmoft we can now condenfe on ftrong glafs 
even in the form of a charge ; we have a lefs ftep to take be- 
fore we arrive at that amazing power, than our immediate pre* 
deceflfors have already made. 

My 9-inch cylinder, when broken, proved to be ^ of an 
inch thick. 

Sect* 1I# Vpon the luminous Appearances of EleStrkity andfhe 

Adlion of Points. 

.2 5* Some of the luminous appearances, with balls in the 

pofitive ftatc,have been flightly noticed as criterions of intenfity* 

I (hall here add, that the efcape of negative eleftricity from a ball 

is attended with the appearance of ftrait fharp fparks with a 

7 hoarfe 
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lioarfe or chirping noife. When the ball was lefs than two 
inches in diameter, it was ufually covered with fhort flames 
of this kind, which were very numerous. 

26. When two equal balls were prefentcd to each other, 
and one of them was rendered ftrongly pofitive, while the 
other remained in connexion with the earth, thepofitive bruflx 
or ramified fpark was feen to pafs from the ele<Slrified ball : 
"when the other ball w^s eleftrified negatively, and the ball, 
which before had been pofitive, was connedked with the ground, 
•the eleftricity (paffing the fame way according to Franklin) 
exhibited the negative flame, or denfe flraight and more lu- 
minous fpark, from the negative ball ; and when the one ball 
was eledrified plus and the other minus^ the (igns of both elec- 
tricities appeared. If the interval was not too great, the long 
zig-zag fpark of the plus ball ftruck to the ftrait flame of 
the minus ball, ufually at the diflance of about one-third of 
the length of the latter from its point, rendering the other 
two-thirds very bright. Sometimes, however, the pofitive 
fpark flruck the ball at a diftance from the negative flame. 
Thefe cffe6ts are reprefented in Plate IV. fig^. 1,2 and 3. 

27.. Two conduftors of three-quarters of an inch diameter, 
with fpherical ends of the fame diameter, were laid parallel to 
each other, at the diftance of about two inches, in fuch a 
manner as that the ends pointed in oppofite directions, and 
were fix or eight inches afunder. Thefe, which may be dif- 
tinguiflied by the letters P and M, were fucceflively eledlrified 
as the balls were in the laft paragraph. When one condu£tot 
P was pofitive, fig. 5. it exhibited the fpark of that eleftricity at its 
extremity, and ftrupk the fide of the other condu Aor M. When 
the laft-mentioned conduftor M was eleftrificd negatively, 
fig. 4* the foriper being in its turn conneded with the earth, 

Sfa tha 
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the fparlcs ceafed to ftrike as before, and the extremity of the 
eleftrified condudor M exhibited negative figns, and ftruck the 
fide of the other conductor. And when one condudor was 
eleArified^/E^x and the other minus^ fig. 6. both figns appeared at 
the fame time, and continual ftreams of electricity pafied between 
the extremities of each conduAor to the fide of the other con- 
duftor oppofed to it. In each of thefe three cafes, the current 
of electricity, on the hypothefis of a fingle fluid, palled the 
^me way. 

28. In drawing the long fpark from a ball of four inches 
diameter, I found it of fome confequence that the item (hould 
not be too fhort, becaufe the vicinity of the large prime con- 
ductor altered the difpofition of the electricity to efcape ; I 
therefore made a fet of experiments, the refult of which 
fhewed, that the difpofition of balls to receive or emit eleCtri- 
city is greateft when they ftand remote from other furfaces in 
the fame itate ; and that between this greateft difpofition in 
any ball, whatever may be its diameter, every pofiible lefs 
degree may be obtained by withdrawing the ball towards the 
broader or lefs convex furface out of which its item projeCts, 
until at length the bail, being wholly deprefled beneath that 
furface, lofes the difpofition entirely. From thefe experiments 
it follows, that a variety of balls is unneceflary in eledricity ; 
becaufe any fmall ball, if near the prime condu<9:or, will be 
equivalent to a larger ball whofe flem is longer. 

29. From comparing fome experiments, made by^myfHf 
many years ago, with the prefent fet, I confidered a point as a 
ball of an indefinitely fmall diameter, and conftruCted an io- 
ftrument confiding of a^ brafs ball of fix inches diameter, 
through the axis of which a flem, carrying a fine point, was 
fcrewed. When this flem is fixed in the prime conductor^ if 

. ' the 



Ohfervaiians on EkSlrkify. 281 

the ball be moved on its axis in either diredion^ it caufes the 
fine point either to protrude through a fmall hole in its exter« 
nal furface^ or to withdraw itfelf ; becaufe by this means the 
ball runs along the ftem* The difpofition of the point ta 
tranfmit eledricity may thus be made equal to that of any balt^ 
whatever, from the minuteft fize to the diameter of fix inches. 
See fig. J. let. A. 

30. The a€)ion of pointed bodies has been a fubjed of dlf* 
cuflion ever fince it was firft difcovered, and is not yet well 
explained. To thofe who afcribe this efie^l to the figure of 
ele£tric atmofpheres, and their difpofition to fly off, it may be 
anfwered, that they ought firft to prove their exiftence, ani 
then fliew why the caufe which accumulated them does not 
prevent their efcape ; not to mention the difficulty of explain- 
ing the nature of negative atmofpheres. If thefe be fuppofed 
to confift of eleftrified air, it will not be eafy to (hew why a 
current of air pafiihg near a prime condudor does not deftroy 
its effeds. The opinion, fupported by the celebrated Volt a 
and others, that a point is the coating to an infinitely fmall 
plate of air, does not appear better founded : for fuch a plate 
muft be broken through at a greater diftance only becaufe 
higher charged; whence it would follow^ that points fhould 
not a£t but at high intenfities. I mufl likewife take notice, as 
a proof that the charge has little to do here, that if a ball be 
prefented to the prime condudor, at the fame time that a 
point proceeds from the oppofite fide, of the ball, the eledri* 
city will pafs by the point, though it is obliged to go round 
the ball for that purpofe; but it can hardly be doubted, that 
whatever charge obtains in this cafe is on the furface of the 
ball next the condu^or, and not on the remote fide to which, 
the eledricity dife£ts its courfe. 

3K AcHAnn's^ 
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31. Achard's experiments with a number of pointed cones, 
fcrewed in a plate of metal, and likewifc the pointed apparatus 
defcribed (par. 29 ) fhew that the efFeft of ppints depends on 
the remotenefs of their extremities from the other parts of the 
condudlor. This leads to the following general law. 

In any eleSirified conduSlor the tranfition or efcape of eleSiricity 
nvill be made chiefly from that part of thefurface which is the 
tnojl remote from the natural Jiate. 

Thus in the apparatus of the ball and ftem, the point Tiav- 
ing a communication with the reft of the whole conductor, 
conftantly poffeffes the fame intenfity ; but the influence of 
the furrounding furface of the ball diminilhes its capacity. 
This diminution is lefs the farther the ball is withdrawn, and 
confequently the point will really poffefs more eleftricity, and 
be more difpofed to give it out when it is prominent than 
when deprefled. The fame explanation ferves for negative 
cledrlcity. 

32. The efFe£t of a pofitive furface appears to extend farther 
than that of a negative : for the point afts like a ball when 
confiderably more prominent if It be pofitive than it will if 
negative. This property was ufed by me fome years ago for 
the conftrudion of an inftrument to diftinguifh the two elec- 
tricities *. 

For the fake of concifenefs I pafs over many faAs which 
have prefented themfelves in the courfe of my experiments oa 
the two electricities, and content myfelf with obferving, that 
there is fcarcely any experiment made with the pofitive power 
which will not aflFord a refult worthy of notice, if repeated 
iwith the negative. 

* Introduaioo to Natural riiilatbphj, Vol. II. p. 3^0. 

^2^ Whca 
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33. When vit condder that our machines can caufe a ball of 
an inch and half diameter to zdi like a point, and that our 
apparatus makes a point vJQi like a ball ; if at the fame time w* 
remark the fmall elevation of our condu6tors for lightning 
above the extended furface of the ground, and the fmall fize of 
the balls propofed by fome to be ufed as terminations ; the dif^ 
pute, which was fo much agitated refpedting them, will per- 
haps be found to relate to a very minute circumftance, among 
the many which govern the great operations of nature. It 
does not feem probable, that any conductor would zGi filently 
if the main courfe of the eleftricity of a negative cloud were 
to pafs through it, and many would probably deceive the ftroke 
from a politive cloud. It does not, however, follow fron^ 
this, that they might not conduA it with fafety. 

Sect. HI. Of compenfate^ EleSlricity. 

34. It is unneceiTary to infifl: upon what is called the equi- 
librium of an ele^rical charge, btoaufe Dr. Franklin has- 
admirably explained it according to his hypothefis. But there 
is another important particular, which has been almoft entirely 
overlooked, namely, the uncompenfated eledricity which 
is as efTential to the charge as that which is in equi- 
librio. Whenever a jar is charged, the greateft part of 
the eledricity becomes latent on account of the compenfa- 
tion ; but there is a certain proportion which remains on the 
infulated fide, and exerts its force to prevent the eleftricity 
from returning to the outer furface. In moderate intenfities,. 
this will explode, and carry the charge with it, to diflances 
which are in proportion to the quantity of the charge itfelf ? 
but in greater intenfities the diftances greatly exceed that pro* 
portion. With glafies of difierent thicknefies, this intenfity,. 
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as tneafured by the explofive fpark, is as the thicknefs, whea 
the charges are equal, as Mr. Cavendish has determined, and 
I find likewifc by experiments with thin fubflances ; but when 
the thickneffes are greater, it increafes in a higher proportion, 
as is found by the exploiion which takes place between the 
eleftrophore and its plate, as well as by other experiments^ 

35, This uncompenfated part of the charge (which is com- 
monly in proportion to the quantity of latent or compenfated 
electricity, or to the diflance at which it exerts its aCtion) was 
found to be greatly increafed when a feries of jars were made to 
charge each other. If a jar be infulated and made to explode hy 
Lake's electrometer at a determinate number of turns ; and 
another jar be then connected with its external coating fo as to 
become charged by that means, the exploiion, from the outiide 
of the laft to the infide of the firft, will take place at the 
electrometer (unaltered) with much fewer turns. Or if the 
electrometer be altered till the exploiion takes place at the ori- 
ginal number, the diftance will be much greater than before. 
Hence we fee« that the intenfity of the uncompeniated part 
ffluft be greater when there is a greater ohkrge to be main* 
tained, whether it be on one furface only, or on two furfaces 
fucceflively connected. I have not yet made the experimentft 
tieceffary to afcertain the law of this laft aCtion. 

36. It is evident, that the breaking of jars is not efieded by 
any attraction between the electricities which form the charge, 
but by this neceflary furplus : for thicker glalles require much 
lefs electricity to produce an intenfity which breaks them than 
thinner do ; and I found a piece of Mufcovy talc, one hun- 
dredth of an Inch thick, to bear a charge confifting^ of tea 
times the quantity of eledricity which was fufficient to have 
charged an equal furface of common glafs fo as to Jbreak it. 
* But 
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But the intenfity of the very deafe charge on the talc was fo 
low as to afford an explofion of no more than about one-tenth 
of an inch, while that of the glafs jar it was compared with 
exploded through about five inches. 

The perforation of glafs by the long fpark, or by the fpark 
through oil or cement, feems to depend on the very great in- 
tenfity of the eleftricity which has not time to diffufe itfelf, 
but charges a minute part of the furface very high. 

37. Mufcovy talc * being a very perfefl: non-conduftor, and 
capable of being divided into plates of lefs thicknefs than one 
two-hundredth part of an inch, I made many experiments 
with it, which are too numerous to enter into this Paper. In 
tronfcquence of its great capacity it gives very ftrong {hocks. 
Contrary to the aflertion of Bbccaria, I found that its la- 
minae are naturally in ftrong oppofite ftates of electricity, and 
flafli to each other when torn afunder in the dark. A large 
piece being fplit in two, the parts were found to be in opposite 
ilates. The greateft care was taken in thefe experiments to 
avoid fri£tion, and to ufe fuch pieces as had never been excited, 
nor brought near the machine. 

38. The moft plaufible obje&ion againft the probability of 
danger from the returning ftroke of the Earl of Stanhope is, 
that the quantity of electricity in an animal is too fmall to pro- 
duce any mifchievous effed. This the noble author has anfwered 
hy remarking, that the quantity has not been ihewn to be 
fmall +. My experiments with talc (hewing 'that it naturally 
pofiefles much electricity, led me to inveftigate the quantity 
which a man may contain. I melted fealing wax upon 
Bennet's electrometer with a burning glafs, and found it pro- 

* I am not certain whether Henley or Beqcarxa firft uied this fubflaace ; 
but little attention was paid to it by either, f Phil. Tranf. Vol. LXXVII. p. 143. 

Yoi., LXXIX. T t duced 
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duced no clcftrifcity cither in heating or cboling. I alfo placed 
a piece of red-hot glafs upon the famo inftrtimfent> and k 
cooled without affording eledlric iigns. Thefc cxperinacnts 
ihewed, that the natural quantity of eledtricity is the fame in 
thefe bodies, whether they be in the conducing or non-con- 
dufting ftate ; and confequently, if it can be proved, that an 
elefttric contains a large quantity of eledricity, the inference 
may be fairly extended to non-eleftrics. And it will nbt 
be difputed, upon any hypothefis, but that a non^con- 
duftor, or its coating, contains as much of what we call 
eledricity as can be driven out of it in the a6k of charg- 
ing. Two fquare inches of talc, of the thicknefs <rf' o^ori 
inch, were repeatedly charged and made to explode over the 
uncoated part, by each turn of a feven-inch cylinder. The 
intenfity of the excitation was fuch, that a condudor, of three 
feet long, and feven inches diameteir, gave a denfe fpark of 9 
inches long at each turn. Now, in round numbers 45 fuch 
plates of talc, laid lipon each other, would have formed a 
folid inch of matter ; and from this, if 'fitted up as a Bec* 
caria's battery, we could with our machine drive out eledii- 
city enough fimply to charge a conduflior 45 titties as long 
(neglefting the ends) ; that is to fay, we find that one folid 
inch of talc contains eledricity enough to charge a condudor 
of 7 inches diameter, and "i^^ feet long, fo high as togil^* a 
nine-inch fpark at leaft, but^ how much more it Contains We 
know not. 

If it be here objefted, that the talc does nothing more than 
feparate the coatings, we may make ufe of gold leaf for our 
coating ; which fubftance being (as I find by weight and mea* 
furement) no more than ^v^^r of an inch thick, would in- 
creafe the refult near three thoufand times. 

Without 
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Without referring to the intenfe eledlricity of a cloud, or 
the^ bulk of a insin, it may . be obfervedp that fuch a fpark 
would be very painful. But to purfue our computation. The 
cylinder charged a fquare foot of glafs, of about 0.08 thick, 
iu 15 turns fo as to explode over a rim above four inches 
high* Fifteen of the pieces of talc would therefore poiTefs as 
ixiuch ele£lricity as makes the charge of a jar of one foot 
iquare, and the 45 pieces or folid inch would contain enough to 
charge three fquare feet. If we fuppofe the bulk of a man to 
he only 3 (olid feet or 5184 folid inches, the natural eledricity 
of this mafs, as deduced from the foregoing fa£ts, will be 
equal to the charge of a battery of upwards of 15,000 fquare 
icet^ 

I . beg leave to obferve, in concluding this Paper, that I 
have been very careful in repeating the experiments with many 
precautions which the experienced in this branch of natural 
philofophy will perceive the neceffity of; though, in order to 
keep this communication within proper limits, I have here 
avoided a minute defcription of them. With the fame view I 
have likewife forborn to fpeak either of theory, or of a number of 
other experin)ei>tal refearches I have made during the courfe 
of this enquiry. Dates are entirely omitted from a conviction 
that the priority of accidental difcovery is not worth con- 
tending fdr^ and that no difputes ever arife about that general 
tenor of conduA in the cultivation of fcience, upon which 
the rational part of mankind ground their approbation or 
cenfure. 

New North-ftrcct, 
May 14, 1789. 

T t 2 P. S. 
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P. S. Since the above was written, the journal de Phyjique 
for April, 1789, has arrived. It contains an excellent Paper 
of M. Van Marum, giving an account of fome very confi- 
derable amendments of the rubber, and of the manner of 
applying it to plate machines. The chief improvement con- 
lifts in fixing the filk to the pofterior part of the rubber, fo that 
it covers the whole face, and has the amalgam applied upon it. 
J cannot, however, avoid expreffing my furprize, that this im- 
^provement, which has been in common ufe in England for 
upwards of twelve years paft, (hould now be offered as a 
difcovery by fo experienced a philofopher. With his new rub- 
bers M. Van. Marum excites his plates 0^33 inches diameter fb 
ftrongly as to produce nearly two- thirds of the former effeft 
.of the Teylerian machine, though the rubbed furfaccs of thefe 
machines are now as 691 to 2409. This power would charge 
the fingle jar by the friftion of 28.6 fquare feet, or the battery 
by rubbing 36.2 feet, inftead of the numbers 66:6 and 94.8, 
as given in par. 24. This is. a vaft acquifition of intenfity; 
but ftill little more than half that of the furface of a cylinder, 
as mentioned in the fame paragraph. But if par. 14. be ad- 
mitted to prove that plate machines gain notliidg by the friftion 
of the back furfaces, it will follow, that M. Van Marum's 
. management, if applied to a cylinder, would do better than 
mine. 
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XXIIL Experiments en the TranfmiJJion of the Vapour of Acids 
through an hot earthen TuBe^ and further Obfervations relating 
to Pblogifion. By the Rev. Jofeph Prieftley, LL.D. F. R. S. 



Read July 2, 1789. 

IN my late experiments on the phlogijiication of fpirit of nitre 
by L at "t appeared, that when pure air was expelled from 
what i called dephlogiAicated fpirit of nitre, the remainder 
was left phlogiflicated. This I find abundantly confirmed by 
repeating the experiments in a different manner, and on a 
larger fcale ; and I have applied the fame procefs to other acids 
and liquors of a different kind. From thefe it will appear, that 
oil of vitriol and fpirit of nitre, in their mofl dephlogiflicated 
ftate, confift of a proper faturation of the acids with phlo- 
gifton, fo that what we have called the phlogijiication of them, 
ought rather to have been called their fuper-phlogifiication. 

I began with treating a quantity of oil of vitriol as I had 
done the fpirit of tiitre, vi^i. expofing it to heat in a glafs tube, 
hermetically fealed, and nearly exhaufted ; apd the refult was 
fimilar to that of the experiment with the nitroua acid, with 
refpeS to the expulfion of air from it, though the phlogiflica- 
tion not appearing by any change of colour^ I did not in this 
method afcertain that circumflance. The particulars were as 
follows. 

After the acid had been made to boil fome time, a denie 
white vapour appeared in quick motion at a diftance above the 

acjd. 
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acid, and though, on withdrawing the fire, that 7^ur difap* 
pearcd, it inftantly re-appeared on renewing the heat. When 
ti>e tube was cool, I opened it under water, and a quantity: of 
air ruQied out, though the acid had been made to boil ^io* 
fently while it wis doling, fo that there could not have bceu 
much air in the tube. This air, which muft therefore have 
been generated in the tube, was a little worfe than common 
air, being of the ftandard of J.I2 when the latter was 1.04. 
I repeated the experiment feveral times, and always with the 
iafne refuh* 

That this air ftiould be worfe than common air, I cannot 
well explain. But in my former experiments it appeared that 
vitriolic acid air injures common air ; and that in proportion as 
pure air is expelled from this acid^ the remainder becomes phlo- 
gidicated^ or charged with vitriolic acid air, clearly appearai 
in the following experiment. 

Making a quantity of oil of vitriol beil in a glafs retort, and 
makring the vapour pafs throiigh a red-hot earthen tube, glazed 
infide and out, and filled with pieces of broken tubes^ I cd- 
Ie£ted the liquor that drftilied over, and found it to be the 
' fame thing with water impregnated with vitriolic acid air. The 
fmell of it was exceedingly pungent, and it was evident, that 
more of this air had efcaped than could be retained by that 
quantity of water. The oil of vitriol ufed in this procefs was 
loz, pdw. i8gr. and the liquor coUedled was 6dw. 12^. 
When I colle<5led the air that was produced in' this manner, 
"which I did not do at this time, it appeared to be very pure, 
about the ftandard of 0.3 with two equal meafures of nitrous 
Mr. 

At another time, expending i oz. 11 dw. 18 gr^ of oil of 
ivitriol, of the fpecific gravity of 1856 (that of Water bang 

1000), 
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iOdo)» I coileded 19 dw. 6 gr, of the volatile acidt of t\^ 
fpcdfic gravity of 13409 and 1 jo oz, meafures of dephloglfU- 
cated air of the pureft kind^ vh. of the ilandard of 0.15. 

It 18 eafy in this manner to colled: a great quantity of de« 
phlogifticated air ; but the principal objection to the procefs ia, 
that after ufing a few, times,'' the earthen tubes become tender, 
acid too eaiily break, efpecially in heating or cooling* It is 
alfo difficult to lute the retort containing the acid and the 
earthen tube. The air produced in this manner is filled with 
the denfefl white cloud imaginable. 

GcMng through the fame procefs with fpirit of nitre, the 
refult was in all refpe£ts fimilar, but much more ftriking, the 
production of both dephlogiflicated air and phlogifticated acid 
vapour being prodigioufly quicker, and more abundant. £x« 
pendmg 5 oz« 8 dw. 6 gr. of fpirit of nitre, I colleAed 600 0%^ 
meafures of very pure dephldgiflicated air, being of the flan- 
dard of 0.2. I alfo colled^^ i o^« 7 dw. I4gr« of a greenifli 
acid of nitre, which emitted copious red fumes. All the appa« 
ratus beyond the hot tube was filled with the. denfefl red vapour, 
and the water of the trough in which the air was received was 
fo much impregnated with it, that. the fmeli was very flrong ; 
jmd it fpontaneoufly yielded nitrons air feyeral .days, iuft as 
water does when impnegnated with nitrous vapour. Perceiv 
iBg the emiflton of air from the water, after it had flood fome 
time, I filled a jar containing 30 oz. meafures with it, and 
iwithont aay heat it yielded two qz. meafures of the flroogefl 
nitroKis air. 

Taking the fpecific gravity of the acid before and after this 

diflillation, the former was to the latter as 1471 to 1182. 

When the weight of the air produced in this experiment, and 

that of the liquor difliU^d, is compared with that of the acid 

7 before 
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before dldillation, it wHf appear, that there muft have been 
a great lofs of acid vapour, which was either retained iu the 
water of the trough, or efcaped through it. 

I do not fee that thefe experiments can be explained, but on 
the fuppofition that the moft dcphlogifticated oil of vitriol and 
fpirit of nitre are, in a proper fcnfc, faturated with phlogifton ; 
and that when part of the acidifying principle is expelled in 
the form of the air, the remainder is fuperfaturated with it. 

To try whether the acid, thus fuperfaturated with phlo* 
glfton, was convertible into pure air by this proccfs, I heated 
the liquor colledled after the diftillation of the oil of vitriol, 
that is, water impregnated with vitrioHc acid air, and made 
the vapour pafs through the hot tube, but no air^came from 
it ; and when coUeded a fecond time, it was not .at all difiereot 
from what it had been before. The ipecific gravity was alib 
the fame. 

It is evident, however, though this procefs does not ikew itf 
that the volatile vitriolic acid contains the proper element of 
dcphlogifticated air ; (ince by melting iron in vitriolic acid air, 
a quantity of fixed air (which is compofed of inflammable and 
dephlogifticated air) is produced. Melting iron in 9 oz. mea* 
fures of vitriolic acid air, it was reduced to 0.3 oz. meafurei, 
andof this P.I7 oz. meafures was fixed air. I repeated the 
.experiment with the fame refult, and putting the refiduuiaf 
together found the air to be inflammable. 

But the refult was fomething different vi^hen I feat theough 
the hot tube the liquor that I had colle£i:ed in theproedswkh 
fpirit of nitre. No air, however^ was produced at the firfl, 
.nothing appearing befides a red vapour that was wholely ahfbcbed 
.by water, or efcaped through it into tke atmofphere; but 
rtowards the end of theprocefs I colleded 10 oz. meafures of 
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<lepblogi{Hcated air. The quantity of the liquor , expended 
was about 2 oz. meafures. It may, however, be prefucped^ 
that this fmall quantity of air came from fome of the acid 
which efcaped the adioa of the fire in the former procefs. In- 
deed its coming at the laft only may be confidcred as a proof of 
this, as all the mo4:e volatile acid» which came over firft» 
jrirlded no air. 

I fubmitted a quantity oi fpirit of fait to both thefe pro- 
ceflea, vizi expofing it to a boiling heat in glafs tubes, her- 
metically fealed, and mgking the vapour pafs through a red 
hot earthen tube, but no air was produce^ in either cafe. In the 
former cafe, the water rufhed into, and completely filled, the 
tube, when it was opened under water ; and in the other pro« 
ceis the liquor diftilied was precifely of the fame fpecific gra- 
vity, and, no doubt, in all other reipeds^ the fame as before 
diftillation ; but the acid that remained in the retort was of 
lefs fpecific gravity, in coniequence of the acid vapour being 
expelled by the heat in the form of marine acid air, which 
appeared not to be afie&ed by a red heat. 
> Though, in the procefs with fpiric of fait, the refult be dif- 
ferent from that of thofe with oil of vitriol and fpirit of nitre, 
yet there is an anak^ amopg all thefe three acids in this 
refpe£):, vi%. that the marine and. both the volatile acids of 
vitriol and nitre are made by impregnating water with the 
acid vapour, fo that in its ufual ftate it may be faid to be phlo^ 
gifticated as well as thefe. 

It was evident that the water in the worm-tub was much 
more heated by the diftillation of the fpirit of fait than by that 
of the oil of vitriol, and efpecially that of the fpirit of nitre ; fo 
that much of the heat by which it had been railed in vapour 
muft, in the latter cafe, have been latent in the air that was 
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formect ; whereas, in the other cafe, it was communicated to 
the Water in the worm- tub. 

In one of the procefTes with boiling fpirit of lalt, in a gla(s 
tube, hermetically fcakd; I had the fame white vapour danc* 
ing in the middle of the tube as in the experiment wkh the 
oil of vitriol ; but this tube burft, and I never had the fame 
appearance again, though I repeated the experiment fevtfal 
times for the fake of it. 

The vapour of dephlogifticatcd marine acid, which M. 
Berthollet difcovered, and with which water may be im- 
pregnated as with fixed air, being made to paft through the 
hot earthen tube, became dephlogiflicated air as in the foUow* 
ing experiment. 

Having poured a quantity of fpirit of fait upon fome man<« 
ganefe m a glafs retort, I heated it as in the preceding experi* 
ments with a propet apparatus both for receiving the diftilled 
liquor, and the air. I found feven-tenths of the air was fixed 
air, and the remainder very pure dephlogtfbicated. The quaa- 
tity I could not meafure on account of one of the jua£tures in 
the apparatus giving way ; but I do not imagine that quite fo 
inuch pure air could be got in this method a& from the manga- 
jiefe itfelf in a dirtfl: procefs. The liquor received in this dif- 
tillation refembled flrong fpirit of fait in which manganciie had 
been put. 

This procefs immediately fucceeding that in which the glafs 
tube, joining the earthen tube and worm-tub, was left fiill of 
black matter by the diflillation of the alkaline liquor (which 
will be mentioned hereafter), the blacknefs prefently vani(hed» 
and the tube became tranfparent as before. On this account^ 
however, it is poflible that I might receive lefs pure air than I 
fhould otherwifib have done. 

DiftiUed 
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IXiVilled vinegar fub^iitt^d to this procefs ylejl4e4 m ty^o^ 
thirds of which was fixed air, and the reft inflMamjbje: ex- 
pending 2 02. 19 dw. o gr. of the acid, I got j o»- 19 dw, ogr, 
of a liquor which had a more pungent fmcll than it, had before 
diftillation. It had alfo fome black. matter in it, jind ibme of 
the fame remained at the bottom of the retort when the liquor 
was evaporated to drynefs. The air I received was 90 02* 
meafures. 

^ Alkaline air is converted into inflammable air in this procefs 
as well as by the ele^ric fpark, but by no means, J think, iu 
fo great a degree. I put 2 oz. 10 dw* ogr. of water pretty 
ftrongly impregnated with alkalUie air into the retqrt, and 
heating it^ fent the vapour through the hot tube ; when I col- 
l&St^d 20Z. 3dw. ogr. of liquor, which had a difagreeable 
empyreumatic fmell, as well as that of a volatile alkali, and it 
Was quite opaque with a ilati matter^ which fubfided to the 
bottom of the veflel. Alfo the tube through which the air 
and vapour had been conveyed was left quite black, as men- 
tioned above. One of the juriftures of the apparatus not 
having been air^-tight, I did not colled all the air, but it came 
only at the beginiling of the proCefs, and before the tube be* 
came black, or any liquor was diftilled, and it was all ftrongly 
inflammable* 

I (hall now Recite a few experiments of a different kind from 
thole that have been mentioned above, and more immediately 
relating to the doctrine of phlogifton. 

It is faid, by thofe who do not admit the do£lrine of phIo*> 
gifton, that the metals are (imple fubftances, which, having a 
ftrong ^nity to dephlogifticated air, imbibe it when they be- 
come calces, without parting with any thing. But that fome- 
thing is really parted with in the calcination (as they will call 
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it) 6f iroft in dephlogfilkated W, appears to me to bevAy 
evident^ as well as in the procefs with fleam. 
; That fixed air is found in the veflel in which iron is melted 
in dephlogifticated air, I obferved before; but I never took 
much care to afcertain the quantity of it. This I have lately 
dofig in many inftaneeb, and in all of them find it to be much, 
more confiderable than can be accounted for, by fuppofing it to 
come from plumbago in the very fmall quantity of iron that I 
melted; fo that it muft ncceffarily have been formed by the phlo- 
gifton from the iron, and the pure air in the veiTel, at the fame 
time that the iron became finery cinder by imbibing water from 
the air ; and I have (hewn, that by far the greateft part of the 
weight of this air is water. The experiments were made with 
a very good burning lens, of. fixteen inches diaoieter, with 
^vhich Mr. Parker has generoufly furnilhed me; and by 
means of it I can now make thefe experiments, which require a 
great degree of heat, with much more eafe ami certainty than 
1 could do before. 

In 6$ o2. meafures of depblogifticated air I melted turnings 
of malleable iron till there remained only I'f oz. meafure, and 
of this ^.^ oz.^ nleafure was fixed air. In 6 oz* meafures of 
dephlogiflicated air, of the ftandard of a.2, I melted iron till 
it was reduced to two-thirds of an ounce*meafure, of which 
one- half was fixed air, and the remainder completely phlo«- 
gifticated. Again, I melted iron in 7I oz. meafures of de- 
phlogifticated air, of the fame purity with that in the laft ex- 
periment, when it was reduced to i| oz. meafure, and of this 
four- fifths was fixed air, and the remainder phlogidioted. Iti 
this cafe I carefully weighed the finery cinder that was formed 
in the procefs, and found it to be nine grains, fo that the iron 
that hdd been melted (being about tworthirds of this weight) 

had 



had b^en about fix grains. I repeated the expeniaent wnh 
the fame refult. 

When the dephlogifticated air is more impure, theq.uantity 
of fixed air will always be lefs in p0oportiou« Thus, having 
melted iron in feven ounce meafures of dephlogifticated air of 
the i^andard of 0.65, it was reduced to i.6 oz* m« ; and of this 
oply pne-third of an ounce meafure was fixed air. This, how- 
ey^rs i^ much more than can come from the plumbago in the 
iron ; but as the production of this fixed air is by many 
^fcribed to this plumbago, it may be worth while to (hew by 
computation that it is impoffible that it fhould have this origin. 
Both the quantity of plumbago in iron, and the quantity of 
fixed air in plumbago, are much too fmall for the purpofe. 

From half an ounce of the pureft plumbago^ I firft got, in a 
coated glafs retort, 13 ounce-meafures of air, of which only 
three ounce meafures were fixed air, the reft being inflamma* 
ble; then putting it into an earthen tube, I kept it fome 
hours in as great a heat as I could produce, and got ±2 oz. 
nu more; and of this alfo only three were fixed, and the reft 
inflammable, and the lad portion, was, wholly fo. 

But inftead of fuppofing the fixed air that I got to be that 
which was expelled from the plumbago in the iron, I will 
fuppofe* that even the whole of this plumbago afforded only 
one of the elements of the fixed air, viz, phlogifton, or that 
which the French chemifts call carhone ; and that this princi- 
ple> by its union with the dephlogifticatcd air in the veffel,. 
forms the fixed air, yet on this moft unfavourable and impro- 
bable fuppofition the quantity will be found to be infufiicient. 

If loo gr. of iron contain, according to M, Bergman',. 

0.12 gr. of plumbago, 7 gr. (which is the moft that in any 

of the preceding procefles I converted into finery cinder) would 
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contain only 0.6084 gr.' oF pljambago; and If we firppoft with 
Mr. KiRWAN, that an hundred cvbic inches of fixed air coh* 
tains S.i4 gr. of phlogifton^ the fixed air produced in ond of 
the above- ifnentloned procefles {yi^^ four-fifths of an ounce-^ 
meafure) would contain ^032 gr. of phlogifton, which is above 
three times more than the plumbago in the iron cpuld furnifh. 
It is evident, therefore, that the quantity of fixed air that I 
found mud have been formed by phlogiftdn from this iron 
^initing with the dephlogifticated air in the veflel. 

If, as 1 have inferred, from burning charcoal of copper in 
'dephlogifticated air (fee Experiment, Vol. Vl. p. 272.) fixed 
air confifts of 3.45 parts of dephlogifticated air and 1.5 of 
phlogifton, it will be found, that four-fifths of an ounce mea- 
fure of fixed air will contain o.li gr. of phlogifton, which is 
rhuch more than on the fuppofition of Mr, Kirwan. 

Another argument againft the antiphlogiftic doftrine may be 
<lrawn from an experiment which I made upon Prulfian blue j 
if the fmall quantity of fixed air, that may be expelled from it 
by heat, be compared with the much greater quantity which 
is produced when heated in dephlogifticated air. 

Pruflian blue is generally faid to be a calx of iron fuper- 
faturated with phlogifton, though of late it has been faid by 
fome that it has acquired fomething that is of the nature of 
an acid. From my experiments upon it, with a burning lens 
in dephlogifticated aio I ftiould infer, that the former hypo* 
thefis is truej except that the fubftance contains fome fixed air. 
Which is no doubt an acid; for much of the dephlogifticated air 
difappears, juft as in the preceding fimilar procefs with iron. 

I threw the focus of the burning lens upon 2 dw. 5 gr. of 
Pruffian blue in a veflel of dephlogifticated air, of the ftan- 
•dard of 0.53, till all the colour was difcharged. Being then 
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weighedf it was i dw, 2gr. In this procefs 7 J oz. of fixed 
air had been produced, and what remained of the air was of 
. the fbndard of 0.94. Heating the brown powder to which 
the Prufiian blue was reduced in this experiment in inflamma- 
ble air, it imbibed Sf oz. m. of it, and became of a black 
colour ; but it was neither attracted by the magnet, nor was 
it folubie in oil of vitriol and water, as I had expeAed it 
would have been. 

Again, I heated PrufSan blue in dephlogidicated air, of the 
flandard of 0.2, without producing any fenfible increafe of 
its bulk, when I found three ounce meafures of it to be fixed 
air, and the flandard of the refiduum, with two meafures of 
nitrous air, was 1.35. The fubftance had loft eleven grains^ 
the greateft part of which was evidently water. 

To determine what quantity of fixed air Pruffian blue would 
yield by mere heat, I put half an ounce of it into an earthen 
tube, and got from it ^6 oz. m. of air, of which i6oz. m^ 
were fixed air, in the proportion of one-third in the firft por- 
tion, and one-fourth in the laft. The remainder was inflam* 
mable. There remained 5 dw. 20 gr. of a black powder, with 
a very little of it (probably the furface) brown» 

Comparing thefe experiments, it will appear, that the fixed 
air procured by means of Prufiian blue and dephlogifticated air 
muft have been formed by phlogifton from the Prufiian blue 
and the dephlogifticated air in the vefTel : for if 240 gr. of 
this fubftance yield 1 6 oz. meafures of fixed air, ten grains of 
it (which is more than was ufed in the experiment) would have 
yielded only o.6 oz. m. Nor is it pofiible to account for the 
difappearing of fo much dephlogifticated air, but upon the fup« 
pofition of its being employed ia forming this fixed air« 
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Read July 2, 1789, 

*i. TT has been known for fome time, that a relation fubfifts 
X between nitrous acid and volatile alkali. The latter 
ha3 frequently been produced by help of tho former; but I 
do not recoiled that, in any inflance, tjbe volatile alkali ha^ 
been proved to contribute to the formatk>n of nitrous ^cid or 
nitrous air. Some cafes, however, have occurred to me wlier^ 
this evidently happens ; and they appear fo new and extraor- 
dinary, that I cannot but think they deferve the attention of 
philofG|>hical chemifts. The .hiilory of the experiments I 
allude to is as follows. 

2. As foon as I had heard of the production of inflamms^le 
air by the tranimiffion of fleam through red-hot iron tubes, I 
had the curioiity to try whether fome other fubftances in 
the form of air or vapour might not, by a (imilar procefs, un- 
dergo material alterations. In particular, the nitrous acid 
feemed well to deferve a trial, both on account of the obfcu^ 
rity .and difficulties attending the theory of its produdion^ and 
alfo of its important and extenfive ufefuluefs in chemidry. 

In .the relation of my experiments on this head, it will be 
unneceliary to mention the exa£k quantity of acid or of aif ex- 
pended or generated, though I noted thofe quantities pretty 
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accuratety at the time ; for the main point I have in view in 
this defcription, is to afcertain the nature of the changes which 
took place ; and thefe do not depend upon the quantities of 
aerial fluids, but upon their properties. Beiides, whoever 
fliall repeat thefe experiments will find the relative quantities 
to vary very much, according to the manner of operating; 
and therefore, for the fake of brevity, I omit to mention 
them entirely. 

3. I began with boiling a lictle ftrong nitrous acid in a 
fmall retort, the neck of which was clofely luted to one end 
of a gun-barrel. The other end of it was immerfed foqae- 
times in water, and fbmetimes in quicklilver, and eighteen or 
twenty inches of the middle part was furrounded with burn- 
ing charcoal in a proper furnace. In this manner the vapour 
and fumes of the boiling acid were tranfmitted through the 
red-hot tube, and the produce received at the en^ in the ufual 
manner. 

When the acid was made to boil violently, there palled over 
a conliderable quantity of undecompofed red nitrous vapour, 
together with a mixture of nitrous and phlogifticated airs. 

When the procefs was conduifted more moderately, there 
was lefs nitrous vapour ; and in the mixture of airs which was 
received in the glafs veflels, there was a much greater pro* 
portion of phlogifticated air. 

4. In order to increafe the furface of the red-hot iron, and 
effeSt a more complete decompofition of the nitrous vapour* 
the gun- barrel was crammed full of iron filings. The experi- 
ments were repeated with great caution, and alm(^ the whole 
of the produce was found to be phlogifticated air. It is how- 
ever proper to mention, that, notwithftanding every poffible 
care, ftill there will generally be in fome degree an admixture 
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of nitrous air, and frequently of dephlogifticated nitrous air* 
But I am fatisfied that if the iron tube were fufficiently long^ 
fo that a very large portion of it might be heated red-hot, all 
the air received in this manner from any quantity of nitrous 
acid flowly boiled would be found of that fpecies called phlo* 
gifticated air. 

5. Thefe experiments feem altogether analogous to thofc of 
Dr. Priestley, in which nitrous air, by expofure to iron, is 
converted firft into dephlogidicated nitrous air, and afterwards 
into phlogifticated air. The only difference feems to be, that 
in my experiments the effedt is brought about fuddenly; 
whereas in the method of expo(ition to iron much time is re- 
quired. And farther, in my method of operating, it is very 
difficult to condu£t the procefs fo as to infure the produdion of 
that fingular fpecies of air called dephlogifticated nitrous air. 
If the acid boil very quick, the product is nearly all nitrous 
vapour and nitrous air. If it boil very flow, and a fufficient 
quantity of the iron tube be well heated, then the decompo^ 
fition is almoft complete, and little is received but phlogifti* 
cated air. In both cafes, the progrefs of the converfion of 
nitrous acid to the flate of phlogiftieated air feems to be the 
fame. Firft, nitrous air is formed, then depblogiflicated ni-* 
troqs air, and laflly phlogiflicated air. This, I fay, feems to 
me to be the natural order of the converiion, though I do not 
deny, that in the rapid manner of operating with the red^iot 
iron tube fome particles of nitrous acid or vapour may pro- 
bably be injlantly changed into phlogiflicated ain Andevea 
allowiug this to be the cafe, the fa£t may eafily be explained, 
by fbf^oiitig the fucceifive approaches to phlogifticated air to 
be made in too fmall fpaces of time to be obierved ; nor does 
it in the leafl invalidate the genejral cooclufioo, that nitrous 

air 
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air 19 nearer the (late of phlogifticated air than nitrous acid or 
nitrous vapour; and that dephlogifticated nitrous air is fiill 
nearer. It is very difficult to decide with certainty what the 
changes are which the particles of the acid undergo in their 
pafiage through different parts of the hot tube» 

From what has been faid, the naoft common procefs will 
probably appear to be, that a particle of the acid in the form 
of vapour firft generates nitrous air; that the parts of this are 
applied to fre(h furfaces of hot iron, and fuddenly changed into 
dephlogifticated nitrous air ; which, lailly, is applied to ilill 
frcfii furfaces of the tube or fragments of iron, and fo con* 
verted into phlogiilicated air. When thefe fuccelfive conta^s 
with frefti furfaces of hot iron are not fufHciently numerous or 
exa^t, it is not unnatural to conclude, that fome portion of air 
may efcape not perfedly decompofed. 

6. Thele conliderations induced me to alter the procefs a 
little* luftead of boiling the acid in the retort, I put fome 
thin pieces of copper into a phial^ poured nitrous acid upon 
them, and forced the nitrous air, as it was generated, to pa& 
through the red-hot tube. The event anfwered my expecta- 
tion ; the decompofition was effedted in this way eaiier than in 
the former. 

But before I made this experiment, I examined what would 
be the effect of mere heat upon nitrous air, as I had already 
learned from the experiments of others^ that nitrous acid# 
forced in the form of fleam through red*hot tubes of clay or 
glafs, underwent the moft important alterations. 

What might be the effeffc of long continued expofure to a 
red heat I cannot fay ; but I was ibon convinced^ that nitrous 
ahr might be forced through a red-hot glafs tube^ without 
fuffering any material change. 
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y.'Laftly,' I determined to try the effeft of the gun-barret 
lipon depblogiilicated nitrous air, as from all that I had leeo 
It feemed reafonable to expert, that this fpecies of air would 
be the eaficft refduced to the date of phlogifticated air. For 
this purpofe, I diluted a faturated (blution of copper in the 
nitrous acid, and put pieces of iron wire into it, and as the 
neck of the retort which contained the folution was luted to 
one end of the gun-barrel, the dephlogifticated nitrous ait 
was expofed in its paffage to the aftion of the red«hot tube, 
and alio to the furfaces of the red-hot iron turnings which it 
contained. In this cafe, when the procefs is conducted with 
proper care, all the air which is received at the other end of 
the tube will be found phlogifticated. 

8. When the ait received at the end of the gun*barrel 
was in the laft mentioned Rate, viz. perfeilly phlogifH* 
cated, I have frequently obferved a white fupe iffuing along 
with the air, and fometimes afcending through the water Or 
mercury into the glafs receivers. Upon examining this white 
fume, I foon perceived by the fmell that it contained volatile 
alkali. I was much ftruck with the obfervation, and imme* 
diateiy recollected Dr. Priestlet*s relation of a (imilar pro- 
dudtion by expofing nitrous air to pieces of iron. 

9. Moft of the experiments hitherto related were made in 
the fummer of 1786; in general they agree with thole of 
Dr. Priestley ; the changes and productions are much the 
fame, and the only new circumftance is, as was obferved at 
art. 5. The fame cfFefts are brought about mflantfy by the 
aAion of red-^hot iron, which require much time by the me- 
thod of fimple expofure to coH iron. 

For which reafon, though it gave me much pleafure at the 
time to fee fuch curious tranfmutations brought about in a few 
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mtnuteSf yecjt fcarcely appeared worth while to trouble ^thc 
Royal Society with a deitail of the ezperimeots ;. and I oajy 
prefume to do it now, becaufe the conjedures which I then 
formed have been fufficiently verified by future expe<imenta» 

The conjectures were as follow : 

ID. Almoft immediately upon feeing the volatile alkali 
produced by means of nitrous acid and metals^ I conceived 
the pofitbility of inverting the order of the procefs^ and of 
producing nitrons acid or nitrous air by the decompofition of 
volatile alkali. I knew of no experiments wherein this had 
been done, or any thing like it ; yet as volatile alkali was 
beyond all diipute produced in the method juft defcribed^ and 
as the iron turnings and infide of the gun*barrel were left after 
the operation in a fiate of calcination, it feemed not unna- 
tural to fuppofe, that by forcing volatile alkali through the 
red-hot calces of fome of the metals, nitrous acid or 
nitrous air might be produced. Some of my friends, to 
whom I mentioned the idea, conlidered it as a random con* 
jedure. However, I made a memorandum of it as a thing 
that deierved to be tried, though in fa£t I n^gle^ed for near 
two years adually to make the triaU It was fome time in the 
month of March, 1788, that the calx of manganefe on ac- 
count of its very great infufibility, and its yielding abundance 
of dephlogifticated air^ occurred to me as a vtry proper fub- 
ftance for the purpofe. I immediately crammed a gun-barrel 
full of powdered manganefe ; and to one end of the tube I 
applied a fmall retort, containing the cauftic volatile alkali. 
As foon as the manganefe was heated red*hot, a lighted can- 
dle was placed under the retort, and the vapour of the boiling 
volatile alkali forced through the gun-barreU Symptoms of 
nitrous fumes and of nitrous air foon difcovercd theoafelves^ 

and 
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and by d little perfe?erancc I was enabled to coIle£): confidefa- 
ble quantities of air, which on trial proved highly nitrous, 
t have fince frequently repeated this experiment, and have 
always in fome degree fucceedcd. Much depends on the kind 
of manganefe employed, much on the heat of the furnace, 
and much on the patience of the operator ; as thefe are va- 
ried, there will be great variations of the .produ£ts. A minute 
detkil of all the particulars of my experiments feems unne- 
cefl'ary ; but it may be proper to give a general account of the 
principal fads, and of the methods which were ufed to avoid 
erroneous concluiions. 

1 1^ In general I made ufe of clean gun*-barrels with which 
DO previous experiments had been made. The manganefe 
Wis ufed in rough powder; for when it is too. finely poW* 
dered, the tube is Choaked^ and the air cannot pais. 

In fome experiments I applied the vapour of the volatile 
alkali dire£tly to the hot manganefe. In others I fufFered 
the manganefe to remftin a coniiderable time in a red heat 
before I made the volatile alkali, contained in the retort at the 
end of the tube, to boil; and by this means I informed my« 
felf of the nature of the airs which the manganeie yielded 
perfi. 

Iii neither cafe could I ever perceive the leaft appearance of 
nitrous ^cid of nitrous air till the volatile alkali was ufed* 
Manganefe, ^^r y^, gives airs of different kinds (bot chiefly 
fixed and dephlogiiltcated airs) as ibon as *ever it is fubjefied 
to a coniiderable heat \ bat nothing nitrous comes from it, 
either on the firft application of heat, or after it has been con- 
tinued a long time ; and I examined this point with great dili«- 
gence. But foon after the volatile alkali begins to be applied, 
the jars in which the air is received will frequently turn 
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{lightly red^ and this rednefs will increafe on admitting atmo« 
fpherical air. 

The caaftic alkali (hould be ftrong, and as far as I have ob-f 
ferved the longer the proccfs is coi\tinped, the ftronger will 
be the nitrous air produced. At lead this evidently appeared 
to be the cafe in feveral inilances, where the operation was 
continued for a long time. 

In moft indanceSy on the very commencement of this pro^ 
ceis, a fmall jar of the air thus collected difcovers by the /mill 
a nitrous impregnation. But it fometimes happens, that feve- 
ral jars of air may be colledled, and the admiflion of atmo« 
fpherical air to them will not produce a ienfibly red colour. 

Here, however, there exifts a cauie of deception againft 
which the operator ought to be on his guard, left he ihould 
conclude that no nitrous air is formed, when in reality there is 
a confiderat>le quantity. The volatile alkali, uotwitbftanding 
every precaution, will frequently pafs over in great quantities 
undecompofed. If the receivers are filled with water, a great 
part of this will indeed be prefently abforbed ; but ftill fomc 
portions of it will mix with the nitrous air fbdrmed by the pror 
cefs. Upon admitting the atmoiphcrical air, the nitrous air is 
decompofed, and the red nitrous fumes inftantly combine with 
the volatile alkali. The receivers are prefently filled with 
white clouds of nitrous ammoniac ; and in this manner a 
wrong conciu£on may eaiily be drawn, from the want of the 
orange colour of the nitrous fumes. A confiderable quantity 
of nitrous air may have been formed, and yet no orange 
colour appear, owing to this circumftance ; and therefore it is 
eafy to underftand how a fmall quantity of nitrous air may be 
moft efiedtuaUy difguifed by the fame caufe.^ 

3 J 2. Thcfe 
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I i« Thefe ob&rvations are made principally for the fake of 
thofe who may wi(h to repeat thefe experiments. The main 
point to be eftabliOiei]) is the adiial formation of nitrous air 
by this method. And this truth I con(ider as proved beyond 
all controverfy ; for by continuing the procefs patiently, and 
applying repeatedly frelh portions of ftrong volatile alkali to 
the fame manganeie, kept conftantly hot in the gun-barrel, I 
have often coUeded large jars of air, which was proved to be 
highly nitrous by mixture with atmofpherical or with dephlo- 
gifticated air. 

13. It is not eafy to fay, whether in this procefs dephlo? 
gidicated nitrous air, or even nitrous acid itfelf, be not fome- 
times immediately formed by the adlion of the volatile alkali 
on the mangaoefe. Traces of the former, in fome inftances, 
ieem to difcover themfelves ; but I do not fpeak decidedly on 
this head. As to the latter, it is very certain, that fumes of 
the nitrous acid often circulate in the jars that receive the air. 
But poflibly thefe fumes may ariie from the decompofition of 
nitrous air, by means of the fuperfluous dephlc^iflicated air 
of the manganefe. 

14. The fteam of boiling water was applied to red hot man- 
ganefe in a iimilar way ; not the leaft nitrous appearance; but 
the fixed and dephldgifticated airs were generated much more 
plentifully than when the manganefe was urged by mere heat. 
When thefe airs had been colieded in large quantities^ the 
volatile alkali was applied as before to the refiduum of the 
manganefe, and nitrous air foon appeared. 

15. As manganefe is known to produce a very extraordinary 
change upon ipirit of fait in a moderate heat, it feMied not 
improbable, that a ftill greater change nught take place by 
working in this method. Accordingly I forced the vapour of 

3 boiling 
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boiling fplrit of fait to pafs through red-hot mangancfe; This 
experiment did not anfwer my expedlation ; the produft waS a 
mixture of fixed and inflammable air. But it deferves to be 
noticed, that even in this cafe, after the efFc6t of the fpirit of 
fait had been tried for a long time, a produdtjon of nitrous air 
up0n the application of volatile alkali to the fame manganeft 
loon took place. 

16. As there are many other fubftances befides the calx of 
taangaiiefe, which arc known, per fe^ to afford dephlogifli- 
cated air, or a mixture of this with fixed air, it was natural to 
conclude from analogy, that fuch fubflances upon the applica- 
tion of volatile alkali would not fail to afford nitrous air. 

It is beft, however, in thcfe matters to trufl as little aspof- 
fible to conjeftures, and to. bring every opinion to the tefl: of 
experiment. Manganefe is fo fingular a fubftance, that it is 
perhaps hardly fafe, from what happens in malcing trials with 
it, to infer in any inftance of another calx of a metal a fimi- 
larity of effeft. Red lead, however, is knowK to agree iii 
iiich a variety of chemical effefts with manganefe, that I find 
it difficult to perfuade myfelf that the volatile alkali properly 
applied to it would not yield nitrous acid or nitrous air; 
yet I have hitherto in vain attempted to brin^; this about. The 
red lead, indeed, melts during the procefs, flows into the 
cooler parts of the tube, and often choaks the pafTage of the 
air ; but in fome trials a great deal of air has been collected 
before that happened, and without any fymptom of a nitrous 
mixture. It feems difficult to explain the reafbn of the failure ; 
perhaps with a better adapted apparatus, and more perfeve- 
ranee, either the produftion in queftion may be obtained, or 
the caufe of the failure difcovered. 
VoL.LXXiX. • Yy 17. With 
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ly. With calcined green vitriol I had much better fuccefs. 
The fait was calcined to whitenefs, and put into a gun-barrel ; 
and, after fevcral trials of forcing the volatile alkali through 
the hot tube, I procured by the operation fome ounces of 
ftrong nitrous air. 

So extraordinary an efFc<9: would no doubt have proved 
highly grateful to the ancient chemifts, and have been by them 
denominated a tranfmutation. 

In the courfe of my enquiries, I confidered this experiment 
as important, becaufe it proved, that the fame combinations 
might take place when fubftances were made ufe of different 
from manganefe. 

1 8. As calcined green vitriol, per fi^ in a ftrong heatyrelds 
dephlogifticated air, I had now no doubt but that any fub- 
ftance which had this property might, by fimllar treatment, 
be made to afford nitrous air. 

But in this fuppofition I was entirely miftaken. The. vola- 
tile alkali was applied to Ibme calcined alum at the moment 
when it was yielding in a ftrong heat plenty of dephlogifti- 
cated air. The product was an aftonifhing quantity of in- 
flammable air, mixed with hepatic air and a<5tual fulphur. The 
refiduum of the aJlym had a ftrong hepatic fmell, and contained 
particles of perfc<ftly formed fulphur. 

Moft of thefe experiments, if not all, were repeated in 
earthen tubes inft^ad of gun-barrels, and with the fame 
fuccefs. 

• 1 9. It now only remains, that I ftiould briefly propofc what 
occurs to me as the probable theory and explanation of the 
fafts related. 

The ingredients which enter into the compodtion of ni- 
trous acid feem to be the two principles or elements of the atmo- 
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fpherc, n)i%. phlogifticated and dephlogifllcated air. That this 
is the cafe, there feecqs little reafon to doubt. Both the com^^ 
poiition and decompo(ition of nitrous acid renders the fuppofi- 
tion probable. For, 

I. Nitrous air and dephlogifticated air by mixture product 
nitrous acid ; and nitrous acid, hj mere heat, is converted into 
a mixture of phlogifticated and dephlogifticated airs. 
. a. Nitrous air, by the methods already related, is changed 
into phlogifttcated air, and thefe methods feem to coniift in 
abftradking from the nitrous air a quantity of dephlogifticated 
air, ' 

3. When nitrous acid and nitre are produced in a natural 
way, the procefs is not well underftood; but the prefenee of 
the atmofpherc is known to be neceflary. 

4.^ Mr. Cavendish's experiment is decifive on this point; 
The union of the two airs in queftion is efFedled by means of 
the ele£lrical fpark, and nitrous acid is the produd. 

In the next place we are to confider, that volatile alkali 
contains phlogifticated air ; for, 

!• Volatile alkali, by mere heat, or by the elcftrical fpark, 
is changed into a mixture of phlogifticated and inflammable 
air; and, 

a. The refiduum of volatile alkaline air, after the calces of 
lead have been revived in it, is phlogifticated air. 

Therefore, when volatile alkali, in the form of fume or air, 
is applied to red-hot manganese, or calcined green vitriol (fub- 
ftances which are then yielding dephlogifticated air), with 
thefe fafts in view, it feems not difficult to conceive, that one 
of the ingredients of the alkali, viz. phlogifticated air, fliould 
combine with dephlogifticated air, and form nitrous acid or 
Bitrous air. If nitrous acid be formed, it will indeed in that 

Y y a heat. 
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heat) as has been obferved^ be inftintly decompofed ; but if 
the efFed of the union be nitrous air, that will fufiain the heat 
without decompofition. How it happens, that nitrous air (hould 
be formed^ and not nitrous acid, or what the reafon is, that 
nitrous air can fufiain a red heat without decompofition, 
when nitrous acid cannot, 1 am unable to fay ; and it is better 
to acknowledge our ignorance than advance groundlefs con«- 
jedures. So much, I think, may be pronounced as certain, 
viz. that nitrous air contains lefs dephlogtflicated air than ni- 
trous acid ; becauie it requires the addition of dephlogifticated 
air to become nitrous acid. 

And, laftly, if I miftake not, the experiment with the cal^ 
cined alum proves, that, in order to produce nitrous air, it is 
not fufficient merely to apply volatile alkaline air to a fub*- 
fiance which is actually yielding dephlogifticated air. 

Perhaps the prefence of another fubftance is required, which 
has a ftrong attradion for phlogifton. Perhaps, in the experi- 
ments with the calces of manganefe and of iron, the inflam- 
mable principle of the volatile alkali combines with the calces 
of the metals, and the phlogifticated air, the other component 
part, unites with the dephlogifticated air ; and if fo, it feems 
not improbable to fuppofe, that when alum is made ufe of» 
the inflammable principle of the volatile alkali having little or 
no attraftion for clay, the bafis of the alum, fhould combine 
with its acid and form fulphur. If this reafoning be true, 
then it follows, that the vitriolic acid has a ftronger affinity to 
the inflammable principle than it has to phlogifticated air ; and 
the procefs with the green vitriol and manganefe is to be ex- 
plained by the operation of a double affinity : the inflammable 
principle of the volatile alkali joins with the calx of iron» the 
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bafis of the vitriol, or with the mangamefe, ^nd the ^hlogifti- 
cated air with the dephlogifiicated air produced by the acid in 
the red heat. 

Thofe who chufe to reje£t the doiftrine of phlogifton muft 
make the neceffary alteration in thefe exprefiious; but the 
reafbning will be much the fame. 
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Berne, 1788. 4"" 

Memoiret fur I'Agriculture du Boulonnois. 
Boulogne, 1784. 8° 

A Portrait of the late Sir WiUiam Watfon, 

• Knt. M.D. V. P.R.S. painted by Abbot. 

aS* A new Englifh Tranflatton of the Pentateuch, 

by Ifaac Dalgado. Ijoodon, 1789^ ^ 4^ 

De la ' Liberte de Commerce. Beau^ais, 

1789. y* 

June |X» Britannia, by W. Camden, tranfUKed and 

enlarged^ by R. Gough. London, 1789. 

3 Voir. fol. 

Effai fur la Montague fali&re du Governe^ 
ment d*Aigle dans le Canton de Berne, par 
F. S. Wild. Geneve, 1788. 8^ 

The Coach of Safety. Two coloured Plates, 

with a printed Account of it. 

1 8. J. Gsertner de fru£tibus et feminibus Plan- 

tarum. Stutgardiae, 1788. 4° 

July 2. A View of the Reign of Frederick II. of 

, Pruffia, by J. Gillies. London, 1 789. 8^ 

Letters frixn Barbary, France, Spain, Por- 
tugal, &c. by an Englifh Officer. 2 Vols. 
London, 1788. 8^ 

Vitae antique Sandtorum qui habitaverunt in ea 
parte Britannnise nunc vocata Scotia vel in 
ejusinfulis; edidit J.Pinkerton. Londini, 
1789. 8** 

The Hiftory and Antiquities of Canonbury- 
houfe, at lilington, by J. Nichols. Lon- 
don, 1789. 4'' 
Z z a 



Donors. 

'Martin VJn 'Manitn, 
M. D. of Harlem. 

Sir John Fenn, Knt, 



WiUiam Seward, Efq. 

F, R. S. 
John Ingen-houfz,M.D. 

F. R. S. 
Jonathan Watfon^ Efq. 

F. R. S. 

Le Baron de CourfeU 

William Watfon, Efq. 

F. R. S. 
Mr. William Blizar^, 

F. R. S. 

M. BriiTon. 

Richard Gough, Efq. 
F. R. S. 

M.Wild. 



Mr. John Hatchett. 

Jofeph Gacrtner, M. D. 

F.R.S. 
John Gillies, LL.D. 

F. R. S. 
Major Jardine. 



John Pinker ton, Efq. 



Mr. John Nichols. 



July 
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Prefents. 



Donorf. 



July 2. Vojrage k la Nitriere natnrelle qui fe ttowre i, ProfeiTor Zimmermtn^ 
Molfetta ea PouUIe^ par M» Zlmmennaii. of Bnmfwick*. 
Paris, 1789. 8^ 

J. Cburchman'f Addrefs in Support of the Mr* John Churchman. 
Principle! of the Magnetic Variation, and 
their applications in determining the Lon- 
l^tude at Sea, foU 
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AN 

I N D E X 

T O T H E 
I SEVENTY- NINTH VOLUME 

OF THE 

PHILOSOPHICAL TRANSACTIONS. 

A,. 

ACCOUNT o( a bituminoos lake or plaiOf in the ifland of Trinidad^ p. 6^«. 
Account of a particalar change of ftrodure 10 the human ovarium, p. 7 1. Account 
of a monger of the human fpedes, p. 157. Account of a finking-in of the ground* 
near Ketton, in Rutland, p. 164, 

u^Ai/, nitrous. A red heat not neceflary to the converfion of nitrous acid into pare air^ 
p. 147. Volatik ▼itrnlic add contaiai the proper element of dephlogiflicated air, p*. 
292. Pruffian blue fuppoicd to have acquired fomething that is of the nature of an 
acid, p. 398* Experiments on the production of nitrous acid and nitrous air, p.. 
300. A relation fubfifts between nitrous acid and volatile alkali, ibid. Nitrous acid 
produced by a mixture of nitrous air and dephlogifiicated air, p. 3 ii. Vitriolic acid 
iuppofed to have a ftronger afioity to the inflammable principle than it has to phlo- 
giflicated air, p. 312. 

ji^icM of points in ele^Mcity, experiments on, pp. 278, aSi. 

jfiff inflammable or dephlogiflicated, when either of them is extiafted from any fub« 

ilance incontaft with the other kind of air, fo that one of them is made to unite with* 

the other in what may be called its mfitni^atit the refuit will be/.sy^ air ; but if both) 

7 of. 
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'Dt thim be eoniplMdy formed before their anion, thereftthwillbe«//r«itf tfrf/, p. I J. 
'Ail >inibiinmAb)to air, according to the antiphlogifliic hypothefis, coffles from water 
only, ibid* A rmstll quantity of infianimable air is procuredi by fending a ileam OFer 
melted fulphur, p. 15. Inflammable air produced by a difiblotion of iron in diluted 
vitriolic acid, ibid. Vitriolic acid air contains the fame inflammable principle with 
indaHYmable air, p. 16. Nitrous air, when mixed with dephlogifticated aif| has nd 
tendency u> produce phlogifttcated air, p. 149. Nitrous air has no effed on phlo- 
«giAkated aii^, ibid. Nitruus air does not contain fo much phlogifion as an equal bulk 
of inflammable air, p. 150. Altcaline air converted into inflammable air, p. 29^, 
NitrdU9 Stir and dephlogiilicated air by mixture produce nitrous acid ; and nitrous 
air, by Aiere beat, is eonverted into a mixture of phlogiflicated and dephkgifticated 
airsf p. 309. Nitrous air changed into phlogifticated air, by abflraffing from the 
nitrous air a quantity of dephlogifticated air, ibid. The refiduum of volatile alkaline 
air, after the calces of lead have been revived in it, is phlogtdicated air, p. jiu 
The vitriolic acid foppofed to have a ftronger affinity to the inflammable principle 
than it has to phlogifUcated air, p. 31 2« 

jilkaliy volatile, changed into a mixture of phlogifticated and inflammable air by mere 
heat, p. 311. 

Almanack y nautical, the mod perfect work of th6 kind, p« 6o. 

Altitude, See ^adr/int of Altitude* 

Amphkhia^ a clafs of animals fo called by Linnaeus, p. 21. Obfervationi on this dafi,' 
ibid. Linnaeus particularly unfortunate in the conftrudtion of this dafi^ ibid. Am* 
phtbia Natitertiot^fumiflied with lungs, ibid. 

Andtrfin^ Alexander, on a bituminous lake tn the Ifland of Trinidad, p. 65* 

AJam^ a country bordering on, and much conneded withj Thibet| p, lOJ* 

AttraBion^ law of. See Prffblms. 

Azimuth* See'^iodtdftt of Aliitutle. 

Bahar^ the Country adjacent, highly injurious to Etropean conftitutions, p. 8o« 
Maiiiiif Matthew, on a particular change of ftrudure in the human ovarium, p* 71* See 

Ovarium^ alfo Ovarim. 
Sails in clcftricity, a variety of, nnnecefllary, p. 2^0. 
JUrker, Thomas, Efq. Abftrafk of a rcgifter for the year rySS, of the barometer, 

thermometer, and rain, at Lyndon in ilutland. Alfo of the rain in Ijfampfliije and 

Surrey, p. 162. 
Barometer^ ftatc of, at London daringtbe year 1788, p. 114*-! 38. 
Jiortr^ dt'jlfuftlvc to fiups, p.. 68. 

Jioutan and Thibet, fome account of the vegetable and mineral piodtt^oos of, p. 79. 
M'Oy (La). Sec T^flake. 

Bmsmhtm'^ 



[ 3»3 ] 

SkxadMsr^ many of tlifl plants peculiar to Bengal require nurfing at, p. 8o» Buxaduar 
unhealthy to firangers from May till September, p.8z. State of the ahamomAer 
there* ibid, 8e?eral excellent Springs of water in. its neighbourhood, . ibid. 

G. 

OtaUif three fprings dtfcoTered near thii place, forcing their way through the ground 
with violence, and giving rife to a lake many miles in extent, weU*Aore4 wiUi water- 
fowl and excellent fi(h| p. 92. The water of the lake impregnated with, alum and 
ieteaetic earth, p. 93* The productions of Chalu, ibid. 

Ck^/«i its fituation and prodofttons, p. 84. Kere are feveral fprings^ and pne Qighily 
impregnated with iron, ibid. Between Chepra and Pagha, a mineral welli Wrongly, 
impregnated with iron, difcovered by Mr. Saunders^ ibid. Statp' of. the therapy* 
meter at Cbepta, ibid. 

Chooia^ two nyncral wells flightly impregnated with iron, difeoyered by Mr. Saundi^^ 
near^ p. 85. Natives of Chooka not unacquainted with the method of extra^ng: 
iron from the ftones, but defpife its nfe in building, ibid. 

CoUf artificial^ experiments relating to the produdion of, p. i99« 

ColmUr lanticandatus, a fpedes of venomous ferpents, the fangs of which ace as fmali 
as commonteeth, p* 30* 

Omett obfervations on, p. iji. Its fitoation, p. 152. 

i>«ter« ferox, or Thorn-apple, nfed medicinally in Chioia and feme paru o£ 'Thibet^ 

p. 89. A powerful narcotic, ibid. 
Dog. SeeLttttr. 

Dmina, piodndions of, p. 92; . State of the thermometer at, ihid. 
Drnkalguai fiate of the thermometer at, foil, and produ^ions of, p« 90* Her^ are manyv 

Springs iltghtly impregnated with a felenetic earth, ibid^ 

E. 
Eartbt and other planets of the Copernican iyftem, are bodies not luminous in .them- 
fclves, p. 213. .... 

EkBricifjf experiments and obfervations on, p. 265. On the excitation of elcaricity, 
ibid. Plate macliines do not coUeA more elc6tricity than cylinders do* with half the 
rubbed furfacc, p. 269. The line of light on a cylinder departing from a firoplc 
cttfliion confifts of returning eleariaty, p. 273, The proje6ting,part of the cufliion 
corapenfates the ekdricity upon the cylinder, and by diminifliing its intenfity prevents 
its (Inking back in fuch large quantities as it otherwife would do, ibid. The method . 
of producing confiderable intenfity, ibid. The adion of the cprlinder, by a fimplc 

cu(hioa. 
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•cnniion or the band, was iirft improved by the addition of a loatheni flap; then bf 
moidening the rubber; afterwards by applying the amalgani; and, Iali>y, by the 
addition of a iilk flap, p. 278. Experiments on the lamiDOiu appeamnce of elc6bi« 
city and the aclion of points, ibid. The efcape of negative eledricity from a ball 
attended with the appearance of flraic Iharp fparks with a hoarfe or chirping noi(e» 
pp. 278, 279. A variety of balls in electricity unneceflary» p. 280* Volta'a 
opinion, that a point is the coating to an infinicdy fmali plate of air, erroneous, p. 
281. In any eledrified conductor the tranl&tion or efcape of eledricity will be made 
chiefly from that part of the furface which is the moft remote from the natural fiaw» 
p. 282. Thicker glaiTes require much' lefs ele6tricity to produce an intenfity whick 
breaks them than^thinner do, p. 284. The perforation of glafs by the long fpark, or 
by the fpark through oil or cement, fuppofed to depend On the inienfity of the ele^- 
city, which has not time to diffufe itfelf, but charges a minute part of the furface 
very high, p. 205. Mufcovy talc, a very pttftA non-con dnCtor ; capable of bei^ 
divided into plates of lefs thickaefs than a two-hundredch part of an incht in conii^ 
c]uence of its great capacity gives very ilrong de&ric (hocks; an4 its lamtnas, con- 
trary to the afiertion of Beccaria, are naturally in firong oppofice ftatts of tkArkiiyy 
and flaHi to each other when torn afunder in the dark^ ibid. 

£ukr*s hypotheiis of refra6lion of the differently refrangible raya of Ug|ht prowd to he 
falfe, p. 257. His hypothetical principle neither fit for rendering n celefoope echffe» 
matic, nor to account for the diilindnefs of the human viiion, ibid. 

Excitation of ele&ricity, experiments on, p. a6;. Strength of the excitation afcer- 
tained, ibid. Silk the chief agent in excitatbn of eiedricity, p. 271. 

Experiments and obfervations on the principle pf acidity, the compofidon of water, and 
phlogifton, p* 7. Experiments on the phjogiftication of fpirit of nitre, p. 139. 
Experiment proving that beat and not light gives colour to fpirit of nitre, p. X40. 
Experiments on the congelation of quickfilver in England, p. 199. Ezperimenu 
lelaung to the production of artificial cold, ibid. Experiment proving that niercury 
may be frozen not only in England in fummer, but even in the hotteft climate, at any 
feafon of the year, p. 202. Experiments iUufbating the fubjedt of producing cold, 
pp. 209, 2(0. Experiment iiluftrating the theory of viiion, p. 261. Experiments 
and obfervaiions on ele<5lricity, p. 265. Experiments fhewing that the office of filk 
is not merely to prevent the return of electricity from^ the cylinder to the colhioo, 
but that it is the chief agent in the excitation ; while the cufhion fervesonly tofapply 
the electricity, and perhaps increafe the preiTure at the entering part, pp. 26$, 266* 
Experiments on the luminous appearances of cleChicity and the aCtion of points, p. 
278. Experiments on the aCtion of points in eleCtricity, pp. 281, 282. Experi- 
ments on the tranflniilion of the vapour of acids through an hot earthen tobe, and 
further obfervations relating to pblogifton, p. 289. Experiment on oil of vitriol, 
ibid. Experiment on fpirit of nitre, p. 291. Experiment in which alkaline air is 
converted into inflammable air, p. 295. Experiments relating to the doCbineof 

pblogiilon^ 
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pMogifton, ibid. Experiments fhewing that manganefe, ptrfu gives airs of different 
kinds, bat chiefly fixed and depblogifticated airs, as foon as ic is fubjedled to a confi- 
derabic heat, p. 306. 
J^#i. Fifteen inches the diflance at which the generality of eye» fee with the raoit 
diflindtnefs, p. 258. 

Tangle venomouSf in ferpents, merely offcnfive weapons, p. 35. Situation of veno- 
mous fangs always in the anterior and exterior parts of the upper jaw, p« 34. 

WruBifictuiHt chiefly dependi on rain falling at the latter end of the feafon of flowering, 
p. 39. 

G. 

Gttaoo Boy, an aftoniflung living fubjed, having his brother adhering to hit breafl, 
p. I j7» Portrait of, p. 159. 

Clajs^ the perforation of, by the long eledric fpark, or by the fpark through oil or 
cement, fappofed to depend on the Intenfity of the electricity, which has not time 
to diffufe itfeify bat charges a minute part of the furface very high, p. i8$. 

CUHh^ terreftrial and coeleftial, few inflruments that better fulfil their deiign in genera], 
p. i« 

Crtvf^ Edward Whitaker, on the clafs of animals called, by Linnaeus, Amphibia, and par- 
ticularly on the means of didinguiihing thofe (erpents which are venomous from 
thofe which are not fo, p. 21. 

Ground^ account of a iinkbg in of the, near Ketton in. Rutland, p. 164. 

a 

HeavinSj remarks on the conflruftion of, p. a 12. 
ffer/c^el. Dr. William, on a comet, p. 15 c* 

■ Catalogue of a fccond thoufand of new nebulae and dufterl of ftars ; with 
introductory remarks on the conftruCtion of the heavens j p. 212* 
Hunter^ John, on the identity of the fpecies of the Dog, Wolf, and Jackal, p. 1 6o« 
Hutcbinfin^ Rev. Mr.B. on the drynefs of the year 1788, p« 37. 

I. 

Jaclaln See Ltf//#r« 

/rM, diflblved in concentrated acid of vitriol, produces vitriolic acid air; but being 
diiTolved in diluted vitriolic acid, produces inflammable air, p. 15. The decompoii- 
tion of water, by means of iron, a fallacy, p. 17. Iron imbibes nothing but water 
when it parts with its phlogifloui ibid. 
Vol. LXXIX. A a a . Kite 
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K. 

Kite (elearical) raired by LQammi Baldwin during the approach of a (eirere thii|idfr« 
florin, p, a; J* EfFeft of the cleftricitj upon him, p. 2']6. 



L- 

LaCf the produce of, and a ftaple article of commerce in, Aflans^ p. 107. Lac neithev 

a gummy nor a rednoas fubftance, chough it has fome properties which are comiiloa 

to both, ibid. Known in Europe by the diiferent appellations of ftick-lac, feed*lac^ 

and (hell-lac, ibid. Ufcd as a dye by the natives of AiTam, p. 109. The method 

of purifying ir, ibid. 
Lake^ bituminous. See Trinidad^ alfo Tar^lake. 
-*— Tincal found in a lake in Thibet, which is fifteen days journey northward iroDi 

Tiffooluniboo, p. 96. Great quantities of rock fait foond in this lake, p. 97. 
Letter, fupplementaiy, on the identity of the ipecies of the Dog, Wolf« and Jackal^ 

p. 160. 
Letters f two» concerning a monfter of the human fpecies, p. 157, 15.8.. 
Light ^ capable of giving colour to (pirit of |»itre, p. 140. 
•— — an attempt to Explain a difficulty in the theory of viiion, depending on the 

different refrangibility of light, p. 256. Euler's hypothe0a of refira^ion of (jhe 

differently refraogible rays of light proved to be falfe,. p. 257. 
hlvu-ftom, rock of, difcovered at Punukha; str^ advantageoufly fituated for being 

worked, and exceedingly pure, p. 83. 
Litnueuiy many of his defcriptions given in a very careleii manner, p. at* Farticolarly 

unfortunate in the conftrudtion of the clafs called amphibia, ibid. 
Li(luor, green acid, procured by the exploHon of di^bjogifticatedaftd. inflammable adm^ 

in dofe veflcls, )>p«8, 9, 10. 



• 
Mawgaaefei per fi, gives airs of different kinds, bat chiefly fixed and depUo^'cated 

airs, as foon as it it fubjeft to a confiderable heat, p. 306. 
Mangrove fwamps in the ifland of Trinidad, p. 65. 
Marjbam^ Robert, indications of fpring, p. x (4—1 56, 
Msjk^fm, Dr. Nevil, on « difficulty in the theory of viiton, depending on the reixan* 

gtbility o£ light, pi 156.. 
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Murcirfi expenmeiits on the congflauoo of, p. 199. Vide Expmmnu. $uiclfiher. 

MttiwUgitd jovnial for the year 1788, kept at the apartments of the Royal Soctetyr 
p. 114— 137* See ltabk$4 

MUmr^ Re?. UaaCi oa the pfodu^ioa of nitrous acid and nitrous air, p. 300. 

Monfier of the human fpecles, account of, p. 157. See Gtntoo Bay. 

MtrgMu^ William, on the method of determining, from the real probabilities of Kfe, 
. the valoe of a contingent reverfion in which three lives are involved in the furvivor^ 
(hip, p. 40. 

MMri/k^ng^ a pkaiant and healthy fituatioo, p. 8s« The foil, rich and fertile, produces 
good crops, ibid. 

liiifc^ny ulc, a very perfedl non-conduAor \ capable of being divided ioto plates of lefs 
thicknefs than a two-hundredth part of an inch ^ in confequence of its great capacity 
gives very ftroog eledric ihocks s and its laminz, contrary to the aflertion of Bee* 
carta, are naturally in (Irong oppofite dates of ele6lricity» and flafh to each other 
when torn afunder in the dark, p. 285. One folid inch of Mufcovy talc contains 
elcdricity enough to charge a eonduAor of 7 inches diameter, and 135 feet long, fo 
high as to give a nine^inch /park ft leaft, p. a86« 



N. 

Vi^Of a fpedes of ferpent, very tenomoas^ p* a$> 

Nmrmif phofphoratcd, produces more cold by iblution in the diluted nitrous acid, than 
the vitriolic natron, p. ao8« Vitriolated natron, added to marine acjd, undiluted, 
produces very nearly as great a dq;ree of cold as when mixed with the diluted nitrous 
acid, p. aio. 

KthaU and dnflers of ftart, catalogue of a thou&nd^ p, a36-^a54« See TahUs, 

i^h^j Mr. William, on dofiiipiyt P* a6{. . 

Nifrtj fpiritof, experiments on the phlogifUcation of, p. 139* Light only Capable of 
giving, oobar to fpiric of aitxt, contained in phials with ground Aoppers, p» 140* 
Experiment proving that beat and ncK lighi gives colour to fpirit of nitre, ibid. Spirit 
of nltre^ in its moft dephlogifticated fiate, confiib of a proper fatnration of the acids 
with phlogiiloo, p, 289. Eicperiaent on fpirit of nitrt, p. a9i« 

Nifrffus ur» See jBr, 

O. 

OljeBiam to the experiments and obfervations relating ft) the principle of acidity, the 
compofition of water, and phlogifion, confidered; with further experiments and 
obfervations on the fame fubje^l, p. 7. 

Oh/enmttoHs and experiments on the principle of acidity, the compofition of water, and 
phk)gillon, p. jn Obfervaiions on the clafs of animals dUkd, by Limnetts, Am* 

A a a a phibia; 
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pliibla; particularly on ihe means of diftinguiihiiig thofe ferpe&tl wUch are 
venomous from thofe which are not fo, p. ai« Obfervations on the diynefi of the 
year 1788, p. 37. Obfervations on a comet, p. 151. Obfervttiont and experiments 
on cleftricit}', p. 26;. Further obfervations relating to phlogifton, p. 289. 

Ovaria in women fubjefl to a great variety of changes, p. 71- Many of thcfc changet 
fimilar to thofe which rake place in other parts of the body, ibid. Oraria in womem 
have fume poA-er within themfelves of taking on a procefs which is imitative of geoe- 
rarion, without any previous conne6tion with a male, p. ji. 

Ovariu/i:^ account of a particular change of ftrudure in the human, p. 71. Natural 
fubibnce of an ovarium changed into a fatty mats intermixed with hair and teeth, 
ibid. The growth of hair and teeth in the ovariom fuppofod hy Dr. Tyfon to be 
a lu/ui naiurity ibid, nottm 



F. 

Fa^ha^ productions of, p. 84. 

Paraghcriy its foil rich, and abounding with pafture, p. 88. Its produdions, ibid* 
Colder here at all feafons than at Taflefudon, p. 89. Iron flones found near Pa* 
raghon, and one fpring highly impregnated with this mineral, ibid. 

Phhoijiofty experiments relating to the doflrine of, p. 295. 

Phn/pherus^ after the afcenfion of it in dephlogifticated air, there is a coafiderabte quan- 
tity of fixed air in therefiduum, p. i6. 

Pi'azzi, Rev. Joieph, refuk of calculations of the obfervations made at varbos places of 
the eclipfe of the fun, which happened June 3, 1788, p. 55.' 

Peint. A force acting at a girtn point nay be refolved by an infinite number of ways 
into two, three, or more forces a^in^ at the iame point, either in the ikme or dif- 
ferent planes with the given force and each other ; and, vice vtr/a^ any number of^ 
fuch forces a.^ing in the fame or different planes may be reduced into one, p. 185. 
Example proving this aiTertion, ibid. See Prchkm. 

Points in eledlricity, experiments on the adion of, pp. a8i» 28f« The efieds of points 
depend on the remotenefs of their extremities 6om the other parts of the conduAor^ 
p. 2S2* 

Portrait of a Gentoo boy, p. 156. 

Precipitate^ ferfe^ yields no fixed air by heat, p. la. 

Frejents^ lift of, made to the Royal Society from November 1788 to July 1789^ 
p. 314. 

Priffiltyt Rev. Dr. Jofeph, obje^ions to the experiments and obfervations relating to 
the principle of acidity, the compofition of water, and phlogUton, confidered ; with 
fiinher experiments and obfervations on the fame fubje£l| p. 7. On the phlogiftica- 

do» 
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tion of fpirit of hitte, p. 159. On the tranfmi^ion of ^ciils through an hot earthen 

tube, and farther obfervatioos relating to phlogiQon, p. 2^9. 
Problems. If the ages of three perfoas be given, to determioe, fiom any table f f 
obfervationsy the value of the fum payable 00 thccontincency of the Ui^ perPji/s 
furvWiDg the fecond, provided the Hfe of the Atil i>.all be then excin^t, p. 41. 
This problem folved and deniooilrated, ibid. 

I. Given the law of attraftion of each of the parts of a given line in terms cf 
their diUance from a given point; to find the atcradion cf the wholclioe on 
the point, p. i86. 

II. III. Given the attra^ion of each of the pans (f a given furface in terms of 
their difbnce from a given point, and an equation c%prelling the relativ^n 
between an abfcifs and- its correfpondent ordinates of the furface; to find the 
attradtion of the furface on the given point, p. 187. Alfo, to find the actra£\ion 
of a given folid on a given point, p. 189. 

IV. Given an equanoir'exprefling the relation between two abfcifTas and their coi- 
lefpondent ordinate of a folid; to find its folid contents contained bctvvecn tW9 
values of its firft abfcifla, p. 194. 
V. Given an equation expreffing the relation between the two abfcifTx of a fo!i<.^, and 
the correfpondent ordinates ; to transform the firfl abfcilTa into any oiher, p. 196. 
PruJJian blue generally fuppofed to be a calx of iron fupcr- fat u rated with pliU gifton, 
though fuppofed by fome to have acquired fomething that is of the nature of an acid, 
p. 298. The quantity of fixed air that Prnfiian blue would yield by mcr; hcai deter- 
mined, p. 299, 
Tvuukba^ a root ef pure lirac-ftonc difcovered here by Mr. Saunders, p. 83. Abun- 
dance of fire-wood in this part of the country* p. 83. The houfes of this country 
are lofty, and the timbers fubflaatial, but the inhabitinta are unacquainted with the 
ufe of lime, p. 83, 84. State of the thermometer here, p. 84. 



^uadraat of altitude, defcription of an improvement in the application of, to a celeflial 
globe, for the refolution of problems dependent on azimuth and altitude, p. i. 

^icifiher^ experiments on the congelation of, p. 199. Experiment .proving that 
quickfilvcr may be frozen not only in England in fummer, but even in the hottell 
climate, at any feafon of the yefir, p. 202. Another experiment illullrating the 
congelation of qaickfilver, ibid. Another experiment on the congelation of quick- 
filvcr, p. 203. 

^chpver^ being frozen and broken, afforded a beautiful appearance of flat plates 
converging towards a center, p. 204. Congealed quickfilver bore an exa6t refem- ' 
blance, both in colour and plated ftrudture, to fulphurated antimony, p. 205. 
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Jlalfi, aconfidcraWcdofcaof, in the year 17*8^ p. 37. The ^a% ef rain £dfeit 
at Kimbohon compared with that of the feven preceding yearly ihid. MoAChly flftte 
of rain for 1788, p. 38. QuaDtitici of raia during the yeaf 1788, |W xi4r— 1|9. 

Rcgifter. Abilrad of a regider, of the barometer, therinemeter» aadrain* at Lyndon in 
Rutland : alio of the rain at Sooth I^ambedi in Siirfey» and at Selboomind Fyfield 
in Hampftiire, p. i6a. , 

Reichd^ Baron, on a mondcr of the human fpecies, p. 157* 

Remarks on the condradtion of the heavena, p. a 12. 

Ryck fair, univerfally ufed for all domeilic purpofes in Thibet* Bontan, and Naphaula 
p. 97. 



Salts, neutral, which produce any remarkable degree of cold by folution in mineral 
acids, lofe their freezing property, when deprived of their water of cryfbdlizatiQB^ 
p. 209. 

Sanba^ produiStions of« p. 90. State of th^ thermometer at, ibid* 

Satellite. See Saturn, 

Saturn (the planet) has a fi)^th fatellite revolving round it, p. 2 jj. 

Saunderst Robert, on the vegetable and mineral produddons of Boutin and Thibet* 

P 79* ^ - ' 

Stluh^ here is a hot well much frequented by people with venereal complaints, iheuma* 

tifm, and all cutaneous difeafe», p. 94. State of the thermometer when immerfed 

in the water of this we]l> ibid. Its water contaba a portion, pf h^par iulphuria, 
-ibid. 
Serpemtst venomons fangs in, merely offeofive weapoasi p. 35. Situation of venomoua 

fangs always iu the anterior and exterior parts of the upper jaw, p. 34* All ▼eno* 

mous ferpents have only two rows of teeth, but al) others have four, p. 3 5. Pro|Kir« 

tioQ of ve{ipmoui ferp^uts to others, as z to 10, p. 36* 
Simadar^ its foil very barren and unpromifing, p* 93^ Its piodu<£Uona, ibid* 
Small-fox^ not treated properly by thephylicians of Thibet, p. zo$« 
S/reafon, Mr. John, defcription of an improvement in the application of the qimdraot 

of altitude to a celeiUal globe, for the refolution of problems dependent on admtffit 

aud altitude, p. n 
Springs inciix:ations of, p. 1^4 — i-jS. 
Sta'Sy catalogue of a thoufand new nebulae and duftera of, p. 22^^2544 £vtry ftar 

fuppoiied t^bea fuui ihining by its own native brightnefs, pp. 2x3, 2x4. 
S»!pUr^ By fetiding a (learn over nielted fulphur, a fmall quantity df inflaftunaNe dr 

is procured, p. 15, Turbitb mineral mixed with fulphur makes it yield vitriolic 
4 acid 
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tcidaify ibU* Sulpliur oot duit fimple fubftancc which the aml-phlogiilians fappofer 

it to be^ but conUdjDui phlogiilon, ibid* 
&«, refidt of c^olations of theobietrixions made at various placea of the eclipfe of the 

fuo, vbich happiBtied oo June j» 1788^ P- S^ 
SHr^ivorJbip* Od the netbod of determining, from the real probabilities of Itfc, the 

value of a GOiuiogeot r^ye^rfioa io which three lives are involved in the furvivorihrpi 

P« 40* 



T.. 

Tablis. 

Table of the obfervations made at Greenwich, Loampit-hill, 0};ford, Dublin, Mittaa, 
Berlin, Vienna, Viviers, Perinaldo, Rouen, Milan, Bologna, and Padoa, on the 
eclipfe of the fun, which happened June 3, 1788, and of refults deduced from the 
fame, p. 6i« 

Table reprefenting obfervatioos made at Warfaw, Prague, Marfeilles, Prefmunfler, and 
Bagdad, on the eclipfe of the fan, which happened June 3, 17S8, and refaks deduced 
&0A1 the fame, p. 64. 

Meteorological journal for the year 178&, kept at the apartments oF the Koyal Society, 
for Janaaiy, p. 114, 115. February, n6, ir7» March, 118, 1:9. April, 
120, 121. May, 122, 123. June, 124, 125. July, 126, 127. Auguic, 128, 129^ 
September, 130, i^u October, 13a, 133. November, 134, 135. December, 
136, 137. • ' 

Table of the greatefty kafl, and mean heights of the thermometer without and within, 
and of the barometer; ^o obfervations of the quantities of rain, p. 138. 

Tabl^cootaining indications of fpring, p. 1^4—156. 

Table of a fecond thonfand of new nebulae and clufiers of flars, p. 1 26—254. Firfl clnfs, 
bright nebulae, p. 286. Second clafs, faint nebulse, p. 229. Third clafs, very faint ne- 
bulaei p. 238* Founh clafs, planetary nebulae, p. 246. Fifth clafs, very large nebulae, 
p. 248. Sixth dafs, very comprefledand rich cluflers of flars, p. 250. Seventh clafs, . 
pretty much comprefFed clofters of large or fmall ftars, p. 25 !• Eighth claf^, coarfely 
ftactered dafters of fiars, p. 1 jj« 

T^Anig sti produfbonSf p. 94. 

7alc. See Mufio^y T0U. 

Tat'lake^ a bitominoos lake in the ifland of Trinidad, p. 65. Called by the French 
Lm Braj^ from the refemblance to, and anfiveriag the intention of, (hip pilch, ibid. 
Situate in the leeward-fide of the iiland, on a point of land w.hich extends into the 
feaabout two miles, ibid. Situation fimilar to a Savannah, p. 66. Its colour, and 
even furfiice, prefent at firft the afped of a lake of water, ibid. Of a chrcalar form, 
md about three miles in circumference, ibid. Its common confidence ia that of 

pit^oal, . 
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. pi^-coal, ihe colour rather grc}cr, very friable, and, wkctt liquid, of a jet black 
i-olour, p. 67. Some parts of the furface covered with a thin and brittle fee ri a, % 
little elevated, ibid. Calcined earth mixed with fome parte of its common fubftance, 
ibid. The bit lu.inous fubil^inte of this lake fuppofed to be the ^rnmen a/pbaltum 
Linncvt^ p. 68. lis fubllance rendered dudile by heat; and, mixed with a little 
greafe or common p<tch, is much ufed for the bottoms of fhiptf, ibid. Soppofed to 
be a prefcrvatlve a^ulnit the Borer, ibid. 

^aJJ'ud-.n^ produdlions of, p. 85. Taflefudon lower than the Icrcl of Paraghon, p. 
89. The ctipital of Boiuan, p. iii. 

I'hrt momcter^ Irate of, between Bahar and Buzaduar, p. 8o« State of it at Buxaduar, 
p. 8x. Its Hate at Punakha, p. 84. Its flate at Chepta, ibid. Its flate at Sanha, 
p. 90. Its Aate at Duina, p. 92. Its (late at Tiflbolumboo, p. 97, 98. State of 
the thermometer at London during the year 1788, p. 114 — 138. 

'^'htlef^ the hilU in this country have, from their general appearance, ftrong marks of 
containing thofe foilils which are inimical to vegetation, p. 9 j. Tincal, which it 
atterwards refined into Borax, is found in inexhauilible quantities in Thibet, p. 96. 
Kock fait foupd in great abundance in this countfy, ibid. Difeafes of, p. 98 — io6. 
I\lcthod of preparing mercury in Thibet, p. 100. The phyficians of this country do 
not treat the fmall-pox properly, their whole attention being to preierve themfelves 
from the difeafe rather than to adlil thofe who are infeded with it, p. 105. All 
communication with thofe who have the fmall-pox (lri6tly forbidden, ibid. Hot baths 

' ufed by the inhabitants of Thibet in many diforders, ibid. 

7//;r^/, foinid in inexhauflible quantities in Thibet^ p. 96. The lake where tincai is 
collected about fifteen days journey frcm TiiToolumboo, ibid. Tincal depofited or 
formed in the bed of a lake ; dug up in large mafles, p. 97. Tincal is found only 
in (hallow water, on the borders of the lake, ibid. Ufed in Thibet for folder, and 
to promote the fufion of gold and filvcr, ibid. 

Tijfoolumh )Q^ pioduflions of, p. 94. Soil, ibid. State of the thermometer at, pp* 97, 
98. The capital of Thibet, p. iii. 

Tiin'ulatly account of a bituminous lake or plain in theiiland of, p. 65. In feveral partg 
of the woods in this ifland are hot fprings, p. 69. 

T^r^;//' mineral, being mixed with fulphur, produces vitriolic acid air, p. 15, See 

V. 

IWucsj &;c. on the method of correfpondcnt, p. i66. The method of correfpoadent 
values cMy affords a refolution of the problems contained in Mr. Brigg's or Sir 
Ifaac Newton's method of differences, p. 17;. 

/"(/.rrr^/ difeafe, frequent in Thibet, p. loo. Method of treating that diforder in 
Thibet, p. 101. 
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ViJUn^ an attempt to explain a difficulty in the theory of, p. 3;6. Experiment 

illuib^ng thfc theofy of trifion, p. 261* 
fltrwl, oiLof, in its mod dephlogifttcated ftate, confiftt 4)f a proper faturation of xhM 

add with phloglfton, p. 289. 
Volatile Titriolic acid contains the proper clement of dephlogifticaced air, p. 292. 
Voita^s opinion^ that a point in electricity is the coating to an infintcdy fmall plate of 

air, erroneous^ p. 281; 

W. 

Walker y Richard, on the congelation of quickiilFer in England, p. 199. 

Waring^ Dr. on the method of correfpondent values, &c, p. i66. On the refblution of 

attractive powers, p. 185* ^ 
Water ^ the decompofition of, by means of iron, a fallacy, p« !;• A great want 6f 

water on the clofe of the year 1788 antverfally felt, p. 37. 
fl'elf. Ste Letter. 
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